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Long Live Their Majesties ! 


Yesterday’s great ceremonies, including the 
crowning of their Majesties King George VI 
and Queen Elizabeth, though watched by hun- 
dreds of thousands of visitors from all over the 
world, will, during the next few months, be 
seen by even larger numbers of people through 
the medium of cinematograph exhibitions. This 
phase illustrates in a vivid manner just one 
revolutionary development which has been made 
in the lifetime of cur King. It has passed from 
the laboratory stage to become an industry of 
great magnitude. 

Never has a British monarch taken such a 
keen interest in industry as has King George VI. 
His special interest dates from the conclusion 
of the Great War, when he associated him- 
self with the Industrial Welfare Association. 
We are unaware as to just how many industrial 
establishments he has visited, but in engineer- 
ing alone he has managed to include no fewer 
than thirty-five. Many of these works possess 
important foundries, and in these His Majesty 
is particularly interested, because during his 
training for the Navy, a course of foundry prac- 
tice was included. Rumour has it that it was 
his favourite department as a cadet. 

There is no class of individual more loyal to 
the throne than those connected with the produc- 
tion of castings, and throughout the ages they 
have had connection with the Court by giving 
of their best, be it for the decoration of palaces, 


the provision of the common amenities of life or 
the supply of armaments. The growth of the 
Empire and industry was tending to create a 
chasm between the Court and industry, until 
during the reign of King George V_ intimate 
centact was re-established by regular periodic 
informal visits by King George VI, as Duke of 
York, to mines, mills and works in every corner 
of Great Britain. Moreover, industry’s great 
scientific societies were regularly honoured by 
Royal guests at their banquets and conferences, 
whilst no important exhibition of the products 
of industry was allowed to be passed unnoticed. 

On behalf of the foundrymen of the Empire, 
numbering something of the order of ten 
thousand establishments, we offer our dutiful 
and loyal cengratulations on the successful con- 
summation of this great event and our sincere 
wishes for a long, happy and, above all, peace- 
ful reign. 


Coming Events 


Even the most jaundiced observer of the 
Coronation has been compelled to admit that the 
remarkable spontaneity of the tribute of all 
classes to the throne shows that it holds a reAl 
and special place in the hearts of the British 
peopie. Many overseas visitors will return home 
with an entirely fresh impression of the strength 
of British institutions, and with the conviction 
that they answer a real need in the fabric of a 
democratic state. That some of these have come 
from foundries overseas we are well aware and we 
offer them a special welcome. We hope that they 
will be able to stay long enough to sve something 
of the real England, and to make the acquaint- 
ance of British foundrymen. 


The two events of the immediate future should 
be attractive to them. The first is the annual 
conference of the Institute of British Foundry- 
men at Derby early in June. Derby is not only 
readily accessible but is a highly important 
foundry centre where practically all sections of 
the trade may be found, and is near to some of 
the most attractive country in England. 


The second event is the International Foundry 
Congress to be held in Paris from June 17 to 24, 
for which the Institute is organising a party. 
The attractions of Paris as a capital, the Papers, 
visits and functions arranged by the 
Association de Fonderie, and the 
prospect of visiting the great Exposition Inter- 
nationale make an irresistible combination, and a 
very representative group from this country 
should be assured. It will add another link to 
that visits overseas of which many 
foundrymen in this country entertain the liveliest 
memories and to which they owe some most 
valuable friendships. 
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Book Review 


Grey Cast Iron. General Manufacture, Struc- 
tural Metallurgy, and Engineering and 
Physical Properties. By John W. Bolton. 
Published by the Penton Publishing Com- 
pany, Limited, Caxton House East, West- 
minster, London, S.W.1 Price 22s. 6d. post 
free. 


The number of text-books in the English lan- 
guage specifically devoted to the subject of cast 
iron is very small indeed. For this reason any 
new book which purports to give a comprehen- 
sive survey of this special subject is of first 
rate importance. The author of the book is a 
prominent American metallurgist whose name is 
familiar to many English workers in the field of 
cast iron metallurgy as an individual who has 
devoted considerable attention to the study of 
cast iron. In a foreword written by Mr. R. G. 
Macpherran it is pointed out that for many 
years there has been no outstanding American 
work on this special subject. From the point of 
view of the American metallurgist and foundry- 
man, the publication of this book may be re- 
garded as remedying a deficiency which has long 
existed in their metallurgical literature. The 
English metallurgist and foundryman will be 
interested to find in the book an authoritative 
account of the present position of American 
knowledge concerning this subject. | Macpher- 
ran, in his introduction, regards the book as 
bringing information on cast iron up to date, 
whilst in his own preface the author discloses 
that the object is to present the basic metal- 
lurgical principles in the manufacture of grey 
cast iron to modern engineering specifications, 
and that the book is intended for foundrymen, 
engineers, metallurgists and students. 

In the presentation of the subject following 
upon an introductory chapter, the book is 
divided into three parts under the separate 
headings :—‘‘ General Manufacture,’’ ‘‘ Struc- 
tural Metallurgy,’ and Engineering and 
Physical Properties.’’ The first part or section 
under the heading ‘‘ General Manufacture ”’ 
contains four chapters dealing with raw 
materials, melting processes, casting defects and 
design. The ‘“ Structural, Metallurgy ’’ section 
absorbs ten chapters founded upon an initial 
chapter dealing with general microstructure, 
followed by chapters dealing with the influence 
of various constituents, including the effects of 
gases, superheating and cooling rate, and clos- 
ing with a chapter on the subject of heat-treat- 
ment. The final part is divided into eight 
chapters dealing with general engineering pro- 
perties, physical constants, strength and elastic 
properties, machinability and wear, the effect of 
temperature on the engineering properties and 
corrosion. The last chapter in this section deals 
with industrial specifications, and as such deals 
exclusively with American specifications. It 
would have added greatly to the utility of this 
chapter if it had been expanded to contain the 
well-known specifications issued by other 
countries. If this had been done, it could have 
been regarded as some recognition of the senti- 
ment underlying the platitudinous phrase in the 
preface that ‘‘ Co-operation in metallurgical 
progress is not merely national, but  inter- 
national.’’ There are many differences between 
American specifications and those current in this 
and other countries, and in many cases these are 
a reflection of the different conditions which 
exist in America. This has to be remembered 
quite frequently when reading other sections of 
the book. 

It is by no means an easy matter to formulate 
a plan for presentation in a comprehensive 
manner of the up-to-date information on the 
subject of cast iron. The author is to be 


congratulated on the plan that he has adopted 
so successfully. If there is any criticism to be 
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made perhaps the most important is that some 
aspects of the subject are not dealt with as fully 
as might be considered desirable. Such a 
criticism is more easily made than remedied, par- 
ticularly in view of the large increase in the 
store of knowledge which has accumulated during 
the last ten years. If the author had taken 
advantage of the excellent opportunity he has 
afforded himself under the various headings in 
Part 1 to deal more fully with the many impor- 
tant aspects of moulding sands and materials, the 
value of the book would have been enhanced 
considerably. 

In view of the re-orientation of the attitude of 
research workers to the investigation of unsound- 
ness in castings, and the substantial progress 
made in modern research work, it is perhaps legi- 
timate to advance as a criticism that this subject 
might have been regarded as worthy of separate 
treatment in a book of this kind. Many readers, 
particularly those interested in metallurgy, will 
be disappointed to find that the treatment of 
those two very important subjects, the formation 
of graphite and the influence of silicon, is so 
shortly dealt with, particularly in view of the 
importance of the contribution of American 
workers to the knowledge of these subjects. The 
fact that the author has considered it advisable 
tc amplify a simple reference to the ternary 
diagrams of the system iron-carbon-silicon to 
include an illustration of both the projection 
and model of Gontermann’s diagram may be re- 
garded as evidence of a lack of balance in his 
judgment which appears in other sections of the 
work. The expression of strength results in 
pounds, and the use of the Fahrenheit tempera- 
ture scale is to be expected in a book of American 
crigin. The awkwardness of these circumstances 
to an English reader is likely to be increased by 
the random use of the Centigrade temperature 
scale. There are quite a number of spelling mis- 
takes, and mistakes in spelling of proper names 
that will probably receive attention when a 
second edition is published. The ‘ sulphur 
bugaboo ’’ is perhaps the choicest of the few 
Americanisms which appear in the text. 

English foundrymen will be interested to 
learn that sand-cast pig-irons are a thing of the 
past in America. Pig-irons are purchased accord- 
ing to analysis and the product is practically all 
machine-cast. The author estimates that about 
2 per cent. of American cast irons contain 
deliberately added alloys, but still holds the 
opinion that the steady and continued increase 
in applications of alloys to cast iron is proof that 
in many cases alloys have practical and economic 
justification. Everyone will agree with him that 
the logical method of approach to the problem of 
composition is first to learn how to produce the 
very best base iron for the purpose in view, and 
then modify it by the intelligent use of alloys 
The book contains a vast store of information 
which will prove of very great value to the 
reader. The book itself is printed on excellent 
paper and both the author and the printers are 
to be congratulated upon the excellence of the 
photomicrographs. J. E. H. 


Publication Received 
A List of Selected Aluminium Alloys. Published 
by the Aluminium Union, Limited, Bush 
House, London, W.C.2. 

In this mimeographed publication there are 
listed about fifteen alloys and in tabular form 
are given on one page the tensile strength, elon- 
gation, Brinell hardness, proof stress, heat 
resistance and an indication as to whether the 
properties shown have been obtained on sand 
castings or gravity die castings. On the next 
page are detailed the specific gravities, thermal 
conductivities; thermal expansion; corrosion 
resistance; the ‘‘ temper ’’; fluidity; hot short- 
ness; leak-proof properties, and the solidification 
range. Two pages are given over to remarks, 
which are largely devoted to industrial applica- 
tions and specificational correlation. The publi- 
cation undoubtedly serves a very useful purpose. 


May 18, 1987 


Random Shots 


The Royal Aeronautical Society has recently 
adopted the word ‘‘ airplane ”’ in place of “‘ aero- 
plane.’’ Whilst it is the constant ambition of 
*planes, or rather aeroplanes, to eliminate the 
time element, it is a pity to carry their efforts 
so far. Are they in such a hurry to get there 
that they begrudge that extra little syllable? 
** Aeroplane ’’ is a fine sounding word, carrying 
with it a picture of silver grace in mid-air, whilst 
an airplane is just an efficient machine which 
allows men to conduct their business personally 
in Paris and London almost simultaneously. 

* * 


There are, incidentally, so many new and 
coined words creeping into the English lan- 
guage, especially in the technical world, that it 
is high time that a few committees were formed 
to sit on the subject, in more senses than one, 
before it is too late. In the foundry industry, 
for instance, there is a new fashion for manufac- 
turing nouns out of verbs by the addition of 
ability.”’ Castability, runability, and flowa- 
bility are only a few of them. ‘Expressive, per- 
haps, but ugly! It is difficult to state, curiously 
enough, whether such a craze is a result of lazi- 
ness or speed ! 

Quite apart from this ‘“‘ ability ’’ fashion, 
technical words can form an interesting study. 
The good old-fashioned word for zinc, that of 
‘“ spelter,’’ is regularly used on the Metal Ex- 
change, but who would go into an ironmonger’s 
shop and ask for a spelter bath? The French 
have a similar case in their word for brass. 
The Sunday best word is “ airain,’’* yet in a 
shop you would have to call it ‘‘ cuivre jaune.’’ 
Variety ever was the spice of life! 

* * * 


The Americans have a nice little selection of 
technical words all to themselves, just to show 
their independence. They have their ‘ colum- 
bium’”’ for our “ niobium,’’ and they match 
their ‘molds for aluminum” against our 
** moulds for aluminium,’’ and their drag and 
cope for our top and bottom box. How would 
it be to offer to use pounds per square inch in 
exchange for English technical words? The 
English are only asking them to adopt a few 
words, but look how many pounds they would 
have to use in exchange; 2,240 of them! We 
refuse to entertain deg. Fah. for high tempera- 
tures. 

* * * 

The Men’s Outfitting Trade complains of a 
slow reaction to the general recovery of business. 
And no wonder! In the foundry industry alone 
many men, discarding coats, work in shifts, 
others are too busy casting to think of donning, 
whilst technologists seem to have discovered the 
secret of wear resistance. 

* * * 

The correct reply to the great question of the 
day ‘‘ Did you get your seat for the Corona- 
tion ?’’ was surely ‘‘ Yes, but I had nowhere to 
put it!’’ And those who were not lucky enough 
to have a reserved seat and did not care to mingle 
with the mighty crowds would spend yet another 
quiet day in the garden. What with Corona- 
tion day and the Whitsuntide holiday following 
so closely upon its heels, garden enthusiasts will 
have time to erect quite a complicated bit of 
plant. 

* * * 

Cricket is on the hearth once again, and brings 
with it, it is hoped, the prospect of another 
interesting match such as was staged at Lichfield 
last season. Perhaps a few young hopefuls are 
already practising their ‘‘ castability,’”’ whilst 
last year’s heroes should be reducing their weight 
in order to improve their “‘ runability ’’ (these 
deplorable coined words!). 

MaRKSMAN.”’ 


* Foundrymen would be well to ignore “‘ Marksman’s”’ eruda- 
tion and stick to the good old word “ laiton.”"—Editor. 
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HIS MAJESTY AMONGST THE FOUNDRIES 


1.—His Majesty King George VI as Duke of York in 
the foundry of Ley’s Malleable Castings Company, 
Limited, at Derby. 2.—Learning from Mr. W. O’Keefe 
the mechanism of a moulding machine. 3.—Inspecting 
a physical culture class at the Soho Foundry of 
W. &T. Avery,Limited. 4.—Inspecting the Ambulance 
Room at the Morgan Crucible Company, Limited. 5.— 
Planting a tree in the playing fields of George Salter 


and Company, Limited. 
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Oil Cores and 
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Their Testing 


By H. NIPPER (The Foundry Institute of the Aachen Technical High School) 


(Concluded from page 370.) 


Permeability Tests 

Fig. 5 shows the permeability of oil cores, 
again prepared in the same way. Permeability 
immediately after drying has an average value 
about 20 to 15 per cent. greater than in the 
green undried condition, but increases by about 
30 to 40 per cent. of the normal dry value 
when the core is dried briskly at 300 deg. C. 
This is certainly due to the incipient coking and 
the loosening of the core at the more than suf- 
ficiently high temperature. 

The upper dotted line shows how the effect 
exerted by the baking temperature is masked 
by widely different ramming conditions. The 
permeability of undried and unbaked cores has 
been plotted as reference value on the left of 
the diagram. Green core sand having 2 per 
cent. of oil as binder gives very different per- 
meability values for different ramming condi- 
tions. With one ramming blow in the standard 
apparatus, the test-piece is still so loose that 
it falls out of the core box. With three blows, 
permeability is 166, with ten blows it is 113 
and with twenty blows 101. By excessive ram- 
ming the specific gravity of the test-piece (50 
mm. dia., 50 mm. high) can be increased by about 
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6 per cent. In this case, the decrease in height 
is 3 or 4 mm. 

In the baked, loose sand, the residues will 
exert an effect on the permeability, according 
to the nature of the coking and combustion 
(with or without access of air). In the case 
of mould sand, often widely varying with regard 
to size of grain, shape ef grain and dispersion 
of the clay, it is impossible to draw conclusions 
as to the permeability from the specific gravity 
of the volume of the pores, but it is quite pos- 
sible to do this in the case of very uniform core 
sand mixes and even dried cores when prepared 
in the same way. 

After removal from the oven the cores should 
be kept perfectly dry (hot). Before testing of 
course, they must be uniformly cooled. The 
time elapsing between the making of the cores 
and testing should always be the same. Storage 
of the cores in a damp atmosphere may reduce 
their strength considerably. When the ceres 
have absorbed moisture and are subsequently re- 
dried, it is never possible to attain the original 
strength again, especially if the core has a 
high clay content. The swollen and loose films 
of oil clay mixtures in particular only afford 
moderate strengths. In this connection, reference 
may be made to Swagerman’s werk® which will 
be mentioned again later on. 


Influence of Moisture 
Swagerman tested cores made with different 
kinds of oil and baked at 210 deg. C. after 
storage for different lengths of time in a normal, 
moist closed sand mould, the cores did not come 


5 “ Gieterij,”” 1934 and 1935. 


into direct contact with the sand. The increase in 
weight was 5 to 10 or even 30 per cent., accord- 
ing to the binder used, the percentages being on 
the weight of the binder. The strength 
diminished principally in the first 4 hrs. of 
storage, the decrease being only 15 per cent. 
for boiled linseed oil but amounting to 30 or 
100 per cent. for the other oils. 

The way in which the cores are bedded during 
drying is of great importance. Drying of the 
core is generally uneven when it is partly bedded 
in moulding sand for its support. A supporting 
plate likewise prevents uniform and rapid baking 
of the surface of the core. 


Abrasion Tests 


A method of testing has been developed in the 
Aachen Foundry Institute, whereby it is possible 
to obtain a very good notion of the surface 
hardness, the strength of the bonding of the 
individual grains and hence of the strength and 
structure of an oil core, by measuring the 
amount of sand removed by abrasion from a 
baked oil core when the latter is pressed against 
a revolving brush. The apparatus employed 
has been constructed at the Institute and consists 
of a housing having a funnel-shaped outlet-— 
for collecting the sand removed by abrasion—and 
containing a brush 190 mm. dia. which revolves 
on a horizontal spindle at an adjustable speed— 
normally about 300 r.p.m. The brush consists 
of the steel wire scratchers used in the cloth 
industry. The core is likewise mounted hori- 
zontally in the housing and is pressed eccentri- 
cally against the brush with an adjustable pres- 
sure. While the test is in progress, the core 
can also make an additional and adjustable 
rotary movement. The amount of sand removed 
by abrasion in a given time or for a given num- 
ber of revolutions (an average of 100 to 300 
revolutions) is collected and weighed. 

Fig. 6 shows the characteristic results of such 
an abrasion test for cores made with different 
oils and baked at three temperatures. Linseed 
oil cores at all temperatures exhibit only a small 
amount of abrasion. Oil A likewise has a good 
bonding power. It is more sensitive to varia- 
tions in baking temperature and is also affected 
by the baking time. The third oil has inferior 
properties and the amount of sand removed by 
abrasion is substantially higher in all the baking 
stages. 

In the Aachen Moulding Materials Laboratory, 
cores of about 400 mm. in length and 50 mm. 
dia. have been made and baked in a tempera- 
ture interval between 140 and 320 deg. C. in an 
electrically-heated oven or in a gas-heated oven 
with a uniform supply of air. By means of 
narrow revolving brushes and a uniform pres- 
sure of application, the zone of maximum baking 
strength can be machined out very well on the 
periphery of the core which is likewise revolving. 
Abrasion of the core in zones enables the uni- 
formity of drying (externally and internally) 
to be thoroughly examined. 


Influence of Stresses 


Having now considered in detail the manner 
in which the properties of a core sand and an 
oil core depend upon the structural elements 
sand and oil, and also upon the method of 
making the core, it is still necessary to discuss 
more particularly the influence of stresses on the 
behaviour of an _ oil core, particularly at 
high temperatures. In this connection, refer- 
ence may be made to a Paper by Nipper and 
Krekeler® on oil cores in the production of steel 
castings. 


6 “ Die Giesserei,”” 1932, No. 25-26, pp. 247 to 249. 
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Elevated Temperature Tests 

The fact that when cores are used in the 
mould, all kinds of metals, even at very high 
temperatures, flow round and surround the cores 
entirely or partly and for a relatively long time 
depending upon the wall thicknesses, shows how 
necessary it is to investigate the behaviour of a 
core also at elevated temperatures or under the 
effect of surroundings in a highly heated condi- 
tion. This applies in particular to the compres- 
sion, shearing and bending strength, surface 
hardness and resistance to abrasion, constancy of 
dimensions (growth and shrinkage), thermal con- 
ductivity, evolution of gas through combustion 
and coking, and permeability. 

In a Paper read at last year’s annual meeting 
of the Institute of British Foundrymen in Glas- 
gow, Hudson’ gave the results of tests with oil 
sand cores of different clay contents, showing 
that when different mixes were heated to 1,000 
deg. C., pure oil sand (sea sand with 3 per cent. 
of oil) gave an expansion of 0.33 per cent., with 
a clay content of 1 per cent. it gave an expansion 
of 0.615 per cent., with 2 per cent. of clay, an 
expansion of 1.125 per cent., and with 3} per 
cent. of clay an-expansion 1.225 per cent. With- 
out any addition of clay, a pronounced expansion 
occurs between 500 and 650 deg. C. With clay 
additions, expansion commences even at low tem- 
peratures and the considerable rise at higher 
temperatures is still more pronounced. 

Owing to the low thermal conductivity, even in 
the case of thin-walled cores only the cuter zones 
are heated to a high degree in the time elapsing 
between the pouring of the metal to solidifica- 
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tion and adequate consolidation of the latter. 
Only after the lapse of a considerable time docs 
the temperature in the inner zones of the core 
become equal to the temperature of the metal, 
which by that time has already cooled consider- 
ably, and then principally only in the case of 
small and moderately sized castings. The test- 
ing of the cores and the evaluation of the results 
is able to take these circumstances into con- 
sideration. 

The references in literature to the behaviour of 
cores at high temperatures are not very 
numerous, but the subject of the evolution of 
gas has been dealt with more frequently. 
Further, reference will be made to the Papers by 
Klingenstein* and Swagerman,’ and the results 
of these authors will be summarised. Swagerman 
employed three different methods for investigat- 
ing the relationship between the volume of gas 
evolved from a core and the experimental tem- 
perature. In the first place—as in experiments 
previously made by Maske and Piwowarsky"® 
he first ascertained the gas pressure produced 
just below the surface of the mould when 
pouring a sample of metal and deduced the 
volume of gas from the result. Secondly he deter- 
mined the variation of the loss in weight of oil- 
core sands with the baking temperature. He 
found that in a temperature range between 300 
and 200 deg. C., all oil core mixes lose consider- 
ably in weight, the maximum loss in weight for 


7 See also an earlier article, FouNDRY TRADE JOURNAL, Decem- 
ber 5, 1935. 

8 “ Mitt. Forsch. Anst.,” G. H. H. Konzern, Vol. 1, pages 175, 185. 
9 “ Gieterij,”’ 1934, Nos. 10 and 12; and 1935, Nos. 1 and 4. 
10 “* Die Giesserei,”” 1928, pp. 559-06. 
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all oils is attained at 450 deg. C. and differences 
of a maximum of about 30 per cent. occur in 
respect of the maximum loss in weight. 


Gas Evolution Tests 
In his investigations, Swagerman finally 
examined, in a special glass apparatus, the 
volume and composition of the gas evolved on 
passing 1,000 ml. of moist air over an oil core 
(weighing about 3 grms.) heated to 800 deg. C. 
Fig. 7 shows graphically the volume of gas 
evolved from 1 grm. of core material having an 
original oil content of 2 per cent. when heated 
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to 800 deg. C. One grm. of oil core corre- 
sponded approximately to a volume of 0.7 ml., 
in other words, the specific gravity of the oil core 
was about 1.43. Upon increasing the baking 
temperature, the volume of gas_ evolved 
diminished very considerably. At a baking tem- 
perature of 100 and 120 deg. C., the gas evolved 
in the case of oil E consisted of about 25 or 
30 per cent. of steam and 25 to 30 per cent. of 
carbon dioxide. Steam is no longer evolved from 
cores baked at 400 deg. C. Oil K with a lower 
total gas content has higher proportions of car- 
bon dioxide and steam, namely about 40 or 50 


per cent. In the case of this oil, also, no more 
steam is evolved from the core baked at 
400 deg. C. 


Core Carriers and Gas Evolution 
Klingenstein, in his very interesting work, in- 
vestigated underbaked, normally baked and over- 
baked oil-sand cores (different in colour) for their 
evolution of gas and found the values shown in 
Fig. 7. He gasified core pieces 20 grms. in 
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weight in a tube furnace at 1,250 deg. C. and : . . 
in a ences in the total quantity of gas and particu- 


collected the gas evolved under water 
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Dietert and Valtier'' have given results of 
determinations of the quantities of gas produced 
on the charging of oil cores and the evolution 
of gas from samples of coarse and fine oil sand. 
Fine material should be handled carefully and 
dried for a longer time, since in general the 
evolution of gas is higher. A good core control 
is an essential condition for the production ot 
sound castings. 

In the Aachen Foundry Institute, large test 
cores 50 mm. dia. and 50 mm. in height were 
baked at 450 deg. C. in the absence of air in 
a coking vessel specially adapted for the pur- 
pose. The total quantities of gas shown in Fig. 8 
were obtained. An additional scale on the dia- 
gram enabled the quantities of gas to be read 
directly in ml. per grm. of core substance. 

With increasing baking temperature, the quan- 
tity of gas produced diminishes, no sharp dif- 
ferences being detected between the various kinds 
of oil. The test-piece had a volume of 98 ml. 
and an average weight of about 145 grms. When 
the figures for the gas evolved are converted into 
millelitres per gram of core substance, the results 
are in good agreement with those of Swagerman 
and Klingenstein. 

For the purpose of obtaining information 
regarding the amount of gas evolved when pour- 
ing metal into a mould made of oil core sand, 
test cylinders 30, 40, 50, 65 and 80 mm. dia. 
and 50 mm. in height, with a gate 20 mm. dia. 
and 30 mm. in height, were cast in a special 
apparatus. A perforated iron container lined 
with the baked oil core mould is suspended in a 
steel box having a cover arranged to be easily 
made gas-tight. The suspended perforated con- 
tainer is closed at the top, and made absolutely 
gas-tight, leaving only the gate free. The en- 
tire vessel is provided with a manometer and is 
connected to a gas-holder. Immediately after 


Assuming, in the case of cast iron, an evolu- 
tion of gas from the metal of 8 to 10 ml. per 
100 grms. of metal, about 10 per cent. of the 
gas may be derived from the metal in the case 
of the small castings at present under considera- 
tion, while the percentage will be only about 
3 per cent. in the case of the larger test-pieces. 

The maximum values of the total quantity of 
gas evolved would correspond to a fully coked 
layer about 1 cm. thick. Details of the form of 
the burnt out sand layers have been given in a 
previous Paper by Nipper and Krekeler.'* Since, 
however, the deeper sand layers still evolve gas 
(due to after-burning between temperatures of 
200 and 300 deg. C.), it may be assumed in good 
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agreement with the observation of the burnt zone 
of core sand, that only a very thin and sharply 
limited layer, depending upon the thickness of 
the casting, will be fully decomposed and give 
off the whole of its gas. Even if about half the 
total quantity of gas evolved is given off by the 
core sand in the first few seconds, and the 
intensity of the evolution of gas then rapidly de- 
creases, no difficulties are presented with regard 


TaBLE IT.—Quantity of Gas Evolved per Sa. Cm. of Surface Area and Unit Volume of Casting. 


Dia. of the test castings, mm. 

Volume of metal, ml. 

Surface area of metal, sq. em. 

MI. of gas per ml. of volume of metal .. - 
ML. of gas per sq. cm. of surface area of metal 


30 40 50 65 80 
44.6 72.4 108.1 175.4 260.4 


77.3 104.1 133.9 183.3 241.9 
215 806 2,553 4,515 6,425 

4.8 10.1 23.7 25.8 24.6 

2.8 7.8 19.1 24.7 | 26.8 


pouring the metal, the upper (second) sealing 
cover is closed and the whole of the gas is col- 
lected in the gas-holder. 

Fig. 9 shows the variation of the quantities of 
gas evolved with the weight of iron cast or the 
surface area of the casting (pouring tempera- 
ture 1,300 deg. C.). Fig. 9 also shows the quan- 
tity of gas calculated per sq. cm. of surface 
area or per millilitre of metal respectively, 
plotted against the surface area and volume of 
the casting. The extent to which the surface 
area and volume of the test-piece cast determine 
the quantity of gas evolved will depend pri- 
marily upon the shape of the test-piece and the 
manner in which the temperature in the sand 
layers surrounding the casting varies with the 
time. The evolution of gas is very vigorous in 
the first few seconds after pouring and then 
gradually lessens. 

Table II and Fig. 9 show the quantities of gas 
evolved in the mould per sq. cm. of surface area 
of the casting and per unit volume of the cast- 
ing. In both cases it is evident that a maxi- 
mum is very soon attained at about 26 or 27 
ml. of gas per ml. of metal cast or per sq. cm. 
of surface area of the casting. 

It should be pointed out that there are differ- 


measuring cylinder. In his experiments, Klingen- larly in the composition of the gas when com- 
stein found that insufficiently baked cores with plete combustion of the binder is effected by 
wax vents are capable of giving off enormous Passing air over the amount of core to be baked 
quantities of gas during the pouring of the and when coking is carried out in an enclosed 


metal. 


He also found that if carriers are em- vessel in the absence of air. 


In the practical 


ployed and the gasification during preparation casting test, it is to be expected that there will 
is consequently inadequate, the volume of gas always be a certain quantity of air or oxygen 
evolved increases considerably. A slight increase available for combustion, depending on the posi- 
is also due to the use of moulding sand for sup- tion of the core in the mould and its nature. 


porting the cores during drying. 


to the rapid removal of the gas in view of the 
permeability of the core and the high ferrostatic 
pressure. 

It will be an interesting problem for further 
experiments to ascertain the specific and total 
quantities of gas evolved for castings of different 
forms and for different ratios of surface area to 
volume. Of particular interest is the quantity of 
gas evolved during contact with the molten 
metal, in other words, the way in which the 
evolution of gas and the rise in pressure vary 
with the time. Of course; in this case, the nature 
of the form will have to be varied systematically. 


Indian tron & Steel Company 


The Indian Iron & Steel Company, Limited, is to 
pay an interim dividend of 10 per cent. An intima- 
tion to this effect has been received by the London 
board of the company from the managing agents 
in Calcutta. ‘They state that owing to amalgamation 
he company’s accounts and reports are not expected 
to be available before August, but, in view of 
satisfactory working, the managing agents and board 
consider it fair that shareholders should be informed 
of the company’s position. Total production to 
March 31 was 681,616 tons of pig-iron. Sales durin 
the year were effected at reasonable prices, an 
it is confidently hoped that for 1937-38 production 
of iron wiil amount to 790,000 tons. In addition 
to 400.000 tons of iron sold to the United Kingdom 


for delivery over two years at satisfactory prices, 
further substantial sales have been made to Japan, 
America and Great Britain at very satisfactory 


prices, and 260,000 tons are available for further 
sales at increasing prices. The foundries are work- 
ing at full output on profitable contracts. This is 
the first dividend to be paid by the company since 
an interim payment of 24 per cent. and a final divi- 
dend of the same amount was paid for 1930. 


11 “ Foundry,” April, 1933, pp. 18-19, and 50. 


12 * Die Giesserei,”” 1931. 
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Experiments on the 
Abrasion of Metals* 


By H. E. Smiru, B.Sc. 


A limited experimental study of some of the 
essential features of the abrasion of metals has 
been in progress in the Engineering Department 
of the National Physical Laboratory for several 
years. A complete record of the work has not 
been published, but some of the results appear to 
be of interest and are presented with a view 
to stimulating discussion of the principles on 
which abrasion testing should be based. 

The machine used for the work was similar 
in principle to the Amsler wear-testing machine. 
It consists essentially of two parallel rotating 
shafts with the two test specimens mounted on 
their ends. The specimens are in the form of 
machined rings about 40 mm. outside diameter 
and about 12 mm. thick. The two shafts are 
driven by an electric motor through gearing in 
such a way that they can be made to rotate in 
the same direction, in opposite directions at the 
same speed, or in opposite directions at slightly 
different speeds. One of the shafts is mounted 
on a swinging frame which can be loaded through 
a lever mechanism to give the requisite load be- 
tween the specimens. These can thus be sub- 
jected to pure sliding abrasion, to pure rolling 
abrasion, or to rolling abrasion with a small 
percentage of slip. The transmission mechanism 
includes a device to measure the frictional 
torque. 


“Wear Oxidation” 


The primary object of the research was to 
investigate the phenomenon of ‘‘ wear oxida- 
tion,’’ and as it was suspected that work-harden- 
ing played an important part in this process, a 
mild steel with considerable work-hardening pro- 
perties was selected as the principal research 
material. This steel contained 0.28 per cent. 
carbon and had an ultimate tensile strength of 
25 tons per sq. in. (39.2 kg. per sq. mm.) and a 
Brinell-hardness number of 100. 

From this material a number of test specimens 
were cut. Tests were made on some of these 
using a load between specimens of 60 lbs. (27.3 
kg.), a speed of about 300 r.p.m. and a slip 
of 5 per cent. between the specimens. Under 
these conditions it was found that the coefficient 
of friction rose slowly from a value of 0.03 at the 
beginning of the test to 0.28 after 2.5 hrs., at 
which value it remained nearlyconstant. During 
this test a grey film of oxide formed 
upon the surfaces of the specimens. Subse- 
quent tests gave a much greater rate of wear 
for the same specimens, because the oxide film 
was already formed. The process just described 
is known as “‘ wear oxidation.’’ 

A series of runs was then made upon the same 
pair of specimens, each run consisting of from 
24,000 to 70,000 revolutions. In these tests 
the average rate of wear per test, expressed as 
the loss of weight per 1,000 revolutions, varied 
from 1.04 to 3.00. This variation is very large 
and may be attributed to the combined effect of 
several factors. The two most important factors 
are probably variations in atmospheric humidity 
and unequal abrasive action due to the adhesion 
of débris to the specimens. The latter effect was 
eliminated by using an air blast to remove 
débris from the working surfaces. The effect 
of humidity was only gradually perceived during 
a great number of tests. It was then investi- 
gated by making measurements of the humidity 
during the course of each test. It was found 
that, in general, a high atmospheric humidity 
was associated with a low rate of wear. 

Diamond pyramid-hardness tests were made 
on the worn surfaces of a pair of mild-steel 
specimens, These showed an increase of hard- 
ness from 100 to 140. This latter reading was 


* Paper presented to the Congress of the International Associa- 
tion for Testing Materials held in London. 
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that obtained from an impression 0.10 mm. deep. 
An impression only 0.03 mm. deep gave a hard- 
ness of 190. From these figures some idea can 
be obtained of the depth of the hardening effect. 

Attempts were made to carry out tests in an 
oxygen-free atmosphere by enclosing the speci- 
mens in a gas-tight rubber envelope as was done 
by Fink. Fink, using an Amsler machine, found 
that when tests on mild steel were carried out 
in nitrogen free from any trace of oxygen, no 
loss of weight occurred. All attempts made by 
the present author to reproduce these results 
have been unsuccessful, most probably owing to 
inadequate exclusion of oxygen. In fact, the 
tests in enclosed atmospheres resulted in greatly 
increased wear, a result which can be attributed 
te very low humidity. Fink’s results have, how- 
ever, been corroborated by Shotter, who used a 
very different technique. 

Various explanations have been suggested for 
the Fink effect and for wear oxidation in 
general. To the author, that based on Tom- 
linson’s theory of friction seems the most plaus- 
ible. According to this explanation, at the point 
of contact of the specimens atoms are plucked by 
one specimen from the other by cohesion. If the 
atmosphere contains oxygen, the transferring 
atoms immediately oxidise. If, however, the 
atmosphere is inert, the detached atoms at once 
attach themselves to the specimen without oxi- 
dation. Thus a constant interchange of atoms 
takes place between the two specimens and there 
is no loss of weight. This theory could be checked 
if an experiment could be devised in which the 
flow of atoms was greater in one direction than 
in the other. 

Wear-oxidation experiments have also been 
carried out on pairs of specimens of different 
materials which have shown different wearing 
properties in practice. The test is a very sensi- 
tive one in such circumstances, as the following 
example of tests on pony-wheel flanges (speci- 
mens A and B from flange of good wear-resist- 
ance, specimens C and D from flange of poor 
wear-resistance) will show :— 

A and B tested together gave rates of wear 

of U.26 and 0.24. 

C and D tested together gave rates of wear 

of 0.55 and 0.85. 

C and B tested together gave rates of wear 

of 1.39 and 0.06. 

Tests on mild steel under pure sliding abrasion 
with different loads showed that for this type of 
wear (mechanical wear), in which metallic par- 
ticles are removed from the specimens, the wear 
is proportional to the load within limits which 
have not yet been determined. 

In general, it is concluded from the foregoing 
experiments that while useful practical informa- 
tion may be obtained by experiments which pro- 
duce the same kind of abrasion as in practice 
but in an accelerated form, the fundamental 
principles upon which scientific abrasion testing 
should be based have yet to be discovered. 


(Concluded from next column.) 


unfortunate development and it is much to be 
hoped that no action of this kind will be thought 
to be necessary. The recent shake out in 
Whittington Avenue is all to the good for it 
has removed the bogey of inflated prices, and 
should restere confidence after a _ prolonged 
period when this has been conspicuous by its 
absence in all the metals. 


Stewarts and Lioyds’ Report 


The accounts for 1936 of Stewarts and Lloyds, just 
issued, show that trading profit and dividends from 


subsidiary and allied companies were £1,391,308, 
against £963,824 for 1935. After providing 
£318,802 (against £308,519) for depreciation and 
£127,500 (against £102,000) for debenture service, 


net profit was £872,795, against £492,016 for 1935. 
Preference dividends absorb £100,581, and the de- 
ferred dividend, which is raised from 5 to 74 per 
cent., takes £295,410; the balance carried forward 
is increased from £168,952 to £170,756. 
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New Phase in Metals 


By ONLOOKER.”’ 


During the first quarter of this year all the 
non-ferrous metals traded on the London Metal 
Exchange displayed a decidedly bullish senti- 
ment, and a strong upward movement was seen 
which culminated in March when levels were 
reached which even the most enthusiastic could 
not but admit were dangerously high. The turn 
came at Easter, when the bull structure began 
to crack ominously and astute operators turned 
their attention to the bear tack. The downward 
movement would probably have halted before 
much harm had been done but for a report 
emanating from New York to the effect that 
President Reosevelt intended to revise the buy- 
ing limit for gold, and although this was denied, 
the fear of what might be done remained, par- 
ticularly as the American President had, in an 
earlier utterance, made it clear that, in his 
opinion, durable commodities were valued too 
high. In the spate of frenzied bear selling that 
has developed since, ample proof has been given 
that the markets were very vulnerable, for the 
speed of the advance was as nothing to the rate 
at which values rattled down. 

Small fortunes must have been made, and lost, 
in metals during the past few months, and it is 
not remarkable that those who have come out 
of the affair badly are feeling pretty sore over 
the whole matter. On the way up it will be 
remembered that there was talk of famine, of 
special stocks to be laid in by our Government 
and, indeed, by other countries too, while, 
apart from these two factors, general trade was 
on the up-grade, as a result of which consump- 
tion was bound to grow by leaps and bounds. 
In two words, the microbe of optimism had 
worked its way into the body of commerce, and 
its effect was to produce a form of madness 
which kas since led to many and great disasters. 
Great as is the usefulness of the London Metal 
Exchange, it cannot be denied that the system 
of trading in futures lends itself to speculation, 
and, although from time to time suggestions 
have been made that gambling transactions 
nught to be cut out altogether, nobody has been 
able as yet to say how this could be done. The 
question as to the proportion of speculation in 
recent events on Whittington Avenue has been 
hotly debated, but, in the opinion of the writer, 
it bulked very largely and was responsible for 
the extremely wide fluctuations in values which 
occurred. 


Effect of Budget 


The Budget with its unexpected ‘‘ National 
Defence Contribution ’’ gave the stock markets 
something of a jolt but a recovery followed and 
as far as base metals are concerned the removal 
of uncertainty was the signal for an upturn 
all along the line. Bear covering was particu- 
larly noticeable in copper where a big backwarda- 
tion made its appearance, but there was also 
some fresh speculative buying, especially in lead 
and spelter. One way and another, it does not 
look as if speculative enterprise in metals is 
dead yet, but operators for the rise are not 
expecting anything very spectacular and they 
will be satisfied with modest profits on this 
occasion. The bears are now active and they 
may be relied upon to bring their weight to 
depress any rise should it go beyond a few 
pounds; the only thing which might start an 
upward movement again very strongly would be 
an injudiciously prolonged abstention by trade 
buyers. Business in non-ferrous metals is still 
excellent and consumption is therefore on a 
good scale, so that users would be ill advised 
to stage anything approaching a “‘ buyers’ 
well lead to the producers 
again. This would be an 
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The Brown-Firth Research Laboratories 


(Concluded from page 352.) 


Corrosion Laboratories 
Since the original development of stainless 
steel, the subject of corrosion resistance and 
testing has grown more and more important 
until, at the present time, the files of the depart- 


solution, now used all over the world as a stan- 
dard solution for testing for intercrystalline cor- 
rosion, was developed here during the early work 
in this field. 

The descaling of the special corrosion resisting 


Fic. 3.—APPARATUS FOR DETERMINING RESISTANCE OF STEELS TO OXIDATION, 


ment contain the results of many thousands of 
tests, whilst hundreds of new results are added 
every year. These tests relate not only to the ex- 
tended use of existing steels, but also to the 
design and critical testing of possible new 
materials. 

It will be appreciated that, whereas in many 
cases a satisfactory test can be made with the 
aid of such simple apparatus as a few beakers 
immersed in a thermostat, or by boiling a solu- 
tion on an electric hot plate under a simple 
reflux condenser, there are other tests which can 
be carried out only after the construction of 
very complicated apparatus. It is sometimes 
necessary to spend weeks in the erection and 
testing of apparatus for deciding a single ques- 
tion as to the suitability of a steel for some 
special purpose, the problems involved being 
both mechanical and electrical as well as perhaps 
demanding special methods of analysis. Thus, 
whilst certain apparatus, such as that designed 
for dealing with the ordinary type of boiling 
test or thermostat test at lower temperatures, is 
permanent and always in use, the rest of the 
apparatus is being continually modified and 
changed to meet the particular problems in hand 
at any given time. 

Ultimately nearly all the quantitative cor- 
rosion work must be expressed, at any rate par- 
tially, in terms of loss of weight, and for this 
reason accuracy of weighing is essential. The 
department possesses one of the latest models of 
prismatic reflecting balance and it is interesting 
to note that the weights used are made of 
Staybrite steel 

Apart from the work in connection with the 
special corrosion resisting steels of the stain- 
less and ‘‘ Staybrite’’ type, data are often re- 
quired on the lower alloys and even on plain 
carbon steels. For this work spray tests and 
atmospheric exposure tests are of considerable 
importance. The latter are carried out chiefly 
on the roof of the laboratory which provides an 
example of very corrosive industrial atmosphere. 

In these laboratories much work on_inter- 
crystalline corrosion has been carried out, and 
the well-known copper-sulphate/sulphurie acid 


steels, to remove the oxide formed during rolling 
and heat-treatment, is an essential process in 
the production of such materials, and presents a 
number of problems. Scale must not only be 


Fic. 4.—A Laporatory FoR DETERMINING ‘ GASES 


completely removed in a reasonable time with the 
minimum loss of metal and acid consumption, 
but the solutions used must be such as can be 
handled in works equipment. The surface of the 
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steel must have a pleasing finish—and specially 
important—the corrosion resistance of the sur- 
face must be as high as possible. The design and 
testing of processes for the satisfactory descal- 
ing of the various types of steel is another of 
the problems which is dealt with by the corrosion 
department, and it will be appreciated that this 
involves not only the testing of the efficiency of 
the process from the standpoint of scale removal, 
but also a critical study of the corrosion resist- 
ance of the product after descaling. 


High-Temperature Oxidation 

High-temperature scaling is actually a branch 
of corrosion, but the mechanism is quite distinct 
from that of ordinary liquid corrosion, whilst 
the methods of testing are also specialised. It 
is, therefore, conveniently considered separately 
from the general body of corrosion testing. 

The object of ‘‘ scaling ’’ tests is, of course, 
to obtain data concerning the relative resistance 
of various materials to special atmospheres at 
high temperatures, and to this end the apparatus 
employed includes electrically-heated furnaces 
for heating the specimens, flow meters and 
auxiliary apparatus for the production and 
measurement of any mixture of gases (Fig. 3). 
The most usual mixture employed is obtained 
simply by burning coal gas with 50 per cent. 
excess air. The resulting mixture is then passed 
over the steel specimens at any desired tempera- 
ture up to 1,300 deg. C. Since heating and 
cooling play an important part in resistance to 
scaling (due to the flaking of the scale which 
often occurs as a result of the expansion and 
contraction), tests include some means of allow- 
ing for this factor. In the standard test at the 
Brown-Firth Research Laboratories the exposure 
to the hot gases is broken periodically, the 
specimens being cooled or brushed in the 
intervals. 

The degree of oxidation is estimated by weigh- 
ing the sample before and after exposure at 
high temperatures, and thus determining the 
increase in weight. Note is also taken of the 
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amount of scale lost on brushing. By carrying 

out tests on these lines it is possible to obtain 

much interesting information as to the relative 

behaviour of the standard heat-resisting steels, 
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and to assess the value of new experimental 
materials. - From experience in works practice, 
it is also possible to relate such tests to actual 
work conditions, and to deduce a reasonably 
accurate estimate of the probable life of different 
materials under certain specified conditions. 


Chemical Analyses 


In all departments of the research laboratories 
it is essential to know the precise chemical com- 
position of the materials which are being investi- 
gated. When it is realised that a variation of, 
say, 0.08 to 0.12 per cent. in the carbon content 
of certain steels may make all the difference be- 
tween the success and failure of the final product. 
it will be seen how essential it is that the most 
accurate analytical data should always be avail- 
able. 

There is a tendency to regard analysis simpiy 
as a matter of routine, and to consider that it is 
merely a question of looking up the appropriate 
text-book and then, by practice, attaining the 
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department is not only varied, but is of the 
greatest importance to the general efficiency of 
the laboratories. 


Inclusions and “Gases” Laboratories 

During recent years it has become increas- 
ingly evident that there are other factors be- 
sides composition (as regards ordinary alloy 
elements) and heat-treatment, which control the 
quality of special alloy steels. The source of 
supply of raw materials, the nature of the melt- 
ing process and, above all, the method of de- 
oxidation in the furnace all have a profound in- 
fluence upcn the small amount of residual 
oxygen and nitrogen in the steel. During the 
melting process, oxygen is supplied to the molten 
bath, usually in the form of iron ore, in order 
to effect oxidation of the elements, carbon and 
phosphorus. At a later stage it is removed by 
varicus methods, the essential chemical feature 
being the fixing of free or dissolved oxygen in 
the form of oxides by means of silicon and man- 
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necessary mechanical skill. Whilst this may be 
true of some works’ routing laboratories, it cer- 
tainly does not apply in research work where, 
with the ever-widening field of alloy steels, new 
problems. are continually arising. To devise a 
satisfactory means for getting an element into 
steel is often a most difficult problem, but it is 
equaily a matter requiring very considerable 
thought and investigation to devise methods for 
the complete and quantitative separation of such 
elements, .once they have been satisfactorily 
alleyed. In the development of a new steel it is 
often only after weeks or even months of work 
that entirely satisfactory methods of analysis 
are arrived at, especially when speed of method 
as well as accuracy has to be achieved. 


| The analytical problems dealt with are by no 
means confined to steels, but include refractory 
hinterinis, industrial waters, examples of corro- 
sion products, as well as various solutions and 
substances with which steels come into contact 
in service, the latter being analysed in order 
that the most suitable corrosion-resisting steel 
for contact with such media may be selected. 
It will, therefore, be seen that the work of this 


ganese. A vital feature of steel-making tech- 
nique is control of the amount and composition 
of the resulting oxide and silicate particles, and 
the laboratories have for many years made a 
most searching study of the microscopic tech- 
nique of their examination. Recently, however. 
quantitative methods for their isolation and 
evaluation, as well as a hot extraction vacuum 
method for the removal and estimation of the 
tetal oxygen, hydrogen and nitrogen in the 
steel, have been developed to a point at which 
they may be considered to be of practical value. 

Accordingly, two special laboratories are 
equipped solely for the purpose of studying this 
complex subject (Fig. 4). A vacuum hot-extraction 
apparatus incorporating a number of special and 
novel features is employed for determining the 
total ‘‘ gas’’ content of the steel. The iodine 
solution method is being used to study the actual 
form of combination of oxygen, and an appara- 
tus has also been constructed to study the work- 
ing of the recently developed chlorine method 
for the isolation and examination of these non- 
metallic inclusions. 
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The development of the nitriding process of 
hardening steel in ammonia gas, in which the 
laboratories have played an important part, has 
demonstrated the importance of nitrogen in 
steel. It has also been discovered that this 
element, even when present in comparatively 
small quantities, plays an important part in . 
modifying the characteristics of the various 
chromium stainless steels. Nitrogen determina- 
tions, therefore, form another of the important 
activities of this department. In this way, the 
ordinary facilities for analytical work are 
augmented by equipment for the accurate 
quantitative determination of these elements 
and substances, present in all steel, which do 
not appear in the specification, but nevertheless 
exert a profound influence upon its properties. 


Refractories 


Refractories find extensive use in all stages of 
steel production. Where high-grade alloy steels 
form a large proportion of the output, it is 
essential that the refractory materials should be 
of the highest possible quality and should possess 
the optimum combination of properties for each 
particular duty. To this end, it is necessary 
that a thorough examination should be made of 
the various materials used, and close attention 
given to the development of improved products. 

The refractories department, a. corner of 
which is illustrated in Fig. 5, contains the most 
modern apparatus for physical, chemical and 
petrological testing and research. Special self- 
recording apparatus for such tests as those of 
thermal expansion and refractoriness under load 
has been devised, and high-temperature furnaces 
have been installed which are capable of testing 
the resistance of refractories up to temperatures 
considerably in excess of those which they will 
actually be called upon to withstand in service. 

The value of heat insulation in furnace design 
as an essential feature of fuel economy is now 
well known, and apparatus has been constructed 
to determine the coefficient of thermal con- 
ductivity of different products over the whole 
temperature range to which they are submitted 
under working conditions. Such properties as 
the tendency of bricks to slag are, however, less 
easily determined than the physical properties 
specific gravity, thermal expansion, thermal 
conductivity and porosity, and some indirect 
method of investigation is required. 

Petrological work provides such a means, and 
the closest microscopical study of the 
mineralogical constituents of bricks and slags is 
made, in conjunction with ordinary chemical 
analysis, to elucidate the various fundamental 
problems of breakdown of refractories as well 
as to check the uniformity and quality of the 
materials supplied to the associated companies. 


X-Rays 

X-rays have provided a new path of approach 
in the investigation of metallurgical problems. 
Since this approach is by way of the atomic and 
crystalline structure of materials, the method is 
ene of fundamental importance. The Brown- 
Firth Research Laboratories quickly appreciated 
its possibilities and have been closely connected 
with X-ray work carried out at the National 
I’hysical Laboratories on a number of problems. 

An X-ray department (Fig. 6) forms part of the 
equipment of the laboratories. X-ray apparatus 
is used for the crystallographic examination of 
materials, the apparatus being provided with a 
flat-film camera for texture photography by 
either transmission or back-reflection methods, 
and with a cylindrical camera for crystal 
analysis according to the powder method of 
Debye and Scherrer, or by the Seemann-Bohlin 
back-reflection technique. Work within the scope 
of this apparatus includes examination of the 
condition of the grain structure of different 
steels as well as investigations into the consti- 
tution of different alloy systems, whereby their 
equilibrium diagrams may be derived from 
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changes in lattice dimensions and the appearance 
of new phases. The utility of X-ray methods is 
not, however, confined to metallic materials, and 
applications can be made of this method for 
examining the structure of refractory materials 
and slags. The work of the X-ray laboratory, 
therefore, provides an essential link between the 
working properties of the different manufactured 
products and materials employed in their pro- 
duction, and the inherent characteristics of their 
fundamental structures. 


In the museum, situated on the top floor of the 
laboratories, is a unique collection of metal- 
lurgical exhibits. The early days of the develop- 
ment of stainless steel, for which the laboratories 
were largely responsible, are traced stage by 
stage. Carefully planned exhibits show the 
gradual development of scale-resisting properties 
in high alloy steels, the mechanism of inter- 
crystalline corrosion, and the improved deep- 
drawing characteristics of modified compositions. 
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Liaison 

Since the days when the straight chromium 
stainless steel and later the austenitic acid- 
resisting steels were first developed in the Brown- 
Firth laboratories, the closest possible co-opera- 
tion between the laboratories and the commer- 
cial organisation has been an essential item of 
policy. Steps in the extended application of 
stainless steels by the associated companies are 
not taken without careful preliminary investi- 
gation in the research laboratories, and every 
effort is made to maintain the closest possible 
touch with users in all parts of the country. 
and indeed in all parts of the world. 

This lays a considerable burden upon the re- 
search laboratories, and for many years all tech- 
nical requirements of customers for stainless 
steel products have been handled by a special 
department. The work of this department 1n- 
cludes the giving of information by correspond- 
ence, and personal visits of members of the staff 
to the works of fabricators using stainless steel 
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In other cases are sets of specimens which illus- 
trate the machining characteristics of these 
steels, the various methods of welding, and 
numerous finished articles fabricated by different 
processes. Forgings, castings, sheet, strip, press- 
ings, tubes as fine as a hypodermic syringe, wires 
and wire meshes ranging from coarse screens 
down to wire considerably finer than a human 
hair, and stainless steel in many other forms are 
exhibited. 

Amongst those other exhibits illustrating the 
characteristics and properties of ordinary carbon 
and alloy steels are sulphur prints of ingots and 
forgings, actual sections of castings showing the 
method of feeding and resultant structure; and 
many examples demonstrating steels possessing 
special properties such as high and low thermal 
expansion, non-magnetism, high magnetic per- 
meability, extreme hardness, and some of the 
innumerable industrial applications of these 
materials. 

Other more fundamental considerations such as 
the effect of rate of pulling upon the recorded 
tensile properties and the relationship between 
fatigue strength, elastic limit and maximum 
tensile strength are also illustrated. 


supplied by the associated firms. In this way 
the laboratories are able on the one hand to keep 
in the closest possible touch with the require- 
ments of an amazingly wide number of indus- 
tries, while these industries can, in turn, call 
upon the laboratories for their co-operation in 
solving problems relating to the use of stainless 
steel. 

In addition, however, to the commercial 
liaison department, there is a section of the staff 
of the laboratories whose duties are mainly to 
form a corresponding link between the labora- 
tories and the production departments: of the 
associated works. Such is the complexity cf 
modern technology of  steel-melting, forging, 
heat-treatment and other aspects of steel pro- 
duction, that it is essential that every aspect 
should be the subject of specialised and indi- 
vidual study. In this way, it will be seen that 
the laboratories, whilst still retaining a separate 
and individual entity, are at the same time 
closely linked with both the technical require- 
ments of the consuming industries, and, with 
the many production departments of the asso- 
ciated firms. 


Census of Production (1935) 


The Board of Trade has published Preliminary 
Report No. 7 relating to the Fifth Census of 
Production (1935) covering the mechanical 
engineering trades as follows: (i) Prime movers 
and boilers (other than marine); (ii) marine 
engineering; (iii) textile machinery and acces- 
sories ; (iv) machine tools; (v) printing and book- 
binding machinery; (vi) agricultural machinery ; 
(vii) other mechanical engineering products; 
(viii) constructional engineering; (ix) repair 
work and work done for the trade. Below are 
reproduced Tables germane to this industry. 


TaBLeE I.—General Summary. 


Firms covered by 


All the Import All 
Particulars. firme. 4. Grme. 
1935. 1935. 1934. 1930. 
£000 | £000 | 
Value of products 


(gross output) 
Cost of materials, 
fuel and elec- 
tricity used 
Amount paid for 
work given out 1,657 1,518 768 1,527 
Net output 95,532 | 89,532 | 77,080] 92,943 
No. No. No. No. 


166,258 | 154,328 | 133,943 | 165,341 


69,069 | 63,278 | 56,095 | 70,871 


Average number 
of persons em- 
ployed 420,110 | 390,003 | 360,486 | 455,588 

£ £ £ £ 


Net output per 


person em- 

ployed 227 229 214 24 

TaBLe II.—Materials, Fuel and Electricity Purchased 

and Used, 
1935. 1934. 
Kind of 

materials, etc. Quan- Quan- 
tity. Cost. tity. Cost. 
Th. Th. 


tons. £,000 tons. £,000 
Tron castings 269.2 5,107 | 260.6 4,592 
Steel castings .. 69.8 2,187 55.9 1,698 
Iron steel 

forgings wa 68 .6 2,776 69.9 2,051 
Copper (in all 


forms). . 17.1 911 11.4 712 
Aluminium (in all 
forms). . 2.8 402 2.5 371 
Tin (in all forms OB 290 1.3 233 
Non-ferrous alloys 
(in all forms) 41.7 2,732 27.5 1,880 
Other iron and 
steel : 
Pig-iron --| 403.8] 1,495 |) 
Bars and rods 241.2 3,166 
Angles, shapes 
and sections | 355.2 3,254 
Girders, beams 
and joists ..| 398.7 3,333 
Plates, sheet 
and strip 376.5 3,782 
Wrought tubes 60.0 1,550 
Fuel and elec- 
tricity used 
for all pur- 
poses 
Coal .. .-| 705.6 667 |> — 44,558 
Coke .. ~-| 418.2 583 
Th. 
galls. 
Heavy fuel oil | 14,399 243 
Th. 
B.T.U 
(kw.- 
Purchased hrs.). 
electricity* | 476,67 1,469 
All other pur- 
chased mate- 
rials and fuel. . — 35,122 |) 
Total 69,069 56,095 


* Including electricity generated in other works under 
the same ownership. 


Total cost of all items in 1930 was £70,871,000. 


: 
891 
4 
Museum 
is - 
3S 
ell 
he 7 
ich 
ns. 
nd 
is 
vn- 
ted 
ted 
nal 
iS. 
the 
tus 
ol 
ha 
by 
rds, 
stal 
of 
alin 4 
ope 
the 
‘ent 
sti- 
heir 
rom 
xs 


FOUNDRY TRADE JOURNAL 


The Failure of Ingot Moulds 
for Steel Ingots 


THE INFLUENCE OF COMPOSITION AND STRUCTURE* 
By J. G. PEARCE, M.Sc., F.Inst.P., M.I.E.E. 


[Slightly abridged. 


Introduction 

Ingot moulds for steel ingots usually fail in 
one of two ways, either by major cracking or by 
crazing, which may be regarded as minor crack- 
ing. In the latter case a network of small 
cracks, forming a crocodile marking, honeycombs 
the working face, and ultimately causes such 
pronounced marking on the ingot that the mould 
is discarded. This trouble is cumulative, and 
once it has begun the liability to further attack 
increases. Major cracking usually causes failure 
rather early in the life of the mould. The crack 
may occur suddenly with explosive force, or alter- 
natively a small crack may occur at some point 
in the mould and enlarge at successive heats 
until the mould is rendered useless. 


Major Cracking 

Large cracks in an ingot mould may arise from 
various causes. Defective founding may result 
in an incipient crack or inclusion originating a 
crack. Defective design may cause cracking in 
one spot. Thermal stresses set up depend upon 
the temperature reached, and the design is often 
such as to cause differential expansion due to 
differences in section, and hence to produce a 
state of stress which the material is unable to 
resist.¢ Ill-treatment in the steelworks may also 
be a cause of major cracking, either by mechani- 
cal damage or by too-rapid or unequal expansion 
or contraction. No analysis has yet been made 
of the causes of major cracking, by which many 
ingot moulds undoubtedly fail, and no attempt 
is made in this Paper to give such an analysis. 
The importance of these causes must not be 
underrated, however, especially since it is sug- 
gested below that the necessary compromise he- 
tween crack-prone and craze-prone moulds is, in 
current compositions and structures, nearer to 
the latter than the former extreme. Thus, to 
meet liability to crack-failure, ingot moulds tend 
to be made softer, and hence more liable to 
craze-failure. By the elimination of causes of 
crack-failure, on structural and composition 
grounds, present moulds would fail by crazing 
more rapidly than is necessary. If these causes 
of crack-failure can be eliminated, the tendency 
to craze-failure on grounds of composition and 
structure can be improved and the metal made 
harder without risk of major cracking. 

Present conditions are such that the improve- 
ment of cases of major cracking will result 
mainly from individual examinations of the type 
of mould represented, while the improvement of 
cases of minor cracking or crazing can be stated 
more generally. The latter is the main object 
of the present Paper. 

Regarding the ingot mould solely from the 
point of view of composition and structure, major 
cracking is likely to occur when the metal be- 
comes too hard, and may arise when the metal 
is made highly resistant to crazing. 

A cast iron has a maximum resistance to the 
stresses set up as a consequence of sudden heat- 
ing (termed thermal shock) when it is mechanic- 
ally soft and ferritic, and when the grain is 


* Paper prepared for and presented to the Ingot Moulds Sub- 
Committee; incorporated in the Seventh Report on the Hetero- 
geneity of Steel Ingots, presented to the spring meeting of the 
Iron and Steel Institute this year. 

+ Ingot mould failures by cracking are often loosely ascribed to 
“internal stress,"" but a casting of the section of an ingot mould, 
slowly cooled in its mould, is unlikely to be so stressed. Such 
failures probably arise from the differential expansion of adjacent 
varying sections at the temperature of operation, and the remedy 
lies in design. 


open, with a large amount of graphite present, 
and hence with high carbon and silicon contents. 
The texture and colour of the fracture are 
governed by the size, quantity and distribution 
of the graphite present. An open-grained iron 
is one with a coarse graphite and a close-grained 
iron, one with a fine graphite structure. Some- 
times mixed structures are seen in the same 
fracture. Usually the graphite is higher in a 
ccarsely graphitic and lower in a finely graphitic 
iron. A coarse-graphite iron is in the worst 
possible condition to withstand the internal 
growth primarily responsible for crazing. A cast 
iron has a maximum resistance to growth when 
it is mechanically hard (pearlitic or cementitic), 
close-grained, low in carbon and silicon and 
hence contains a small amount of graphite, and 
that in a fine state of division. The influence 
of individual elements and structural components 
may be conveniently considered together for both 
crack-resistant and craze-resistant structures, 
taking as a basis the type of structure in com- 
mon use. 

The ingot mould for steel ingots to-day is 
pearlitic, with coarse graphite. Liability to 
cracking is reduced if moulds are above air tem- 
perature when poured, and if they are allowed 
to cool as uniformly as possible between pour- 
ings. 

Crazing or Minor Cracking 

At the other extreme, failure occurs by craz- 
ing, or fine cracking, the working face of the 
mould becoming covered with a network of fine 
cracks, especially in the middle of each work- 
ing face, where the temperature remains higher 
for a longer period. Crazing is primarily due to 
the phenomenon known as growth, which is iden- 
tical in character with scaling, both processes 
being essentially those of oxidation. Scaling 
occurs when oxidation proceeds at the surface 
of the material, whereas growth occurs when the 
same phenomenon proceeds internally. Prior to 
oxidation decarburisation takes place, this being 
the first stage of growth. The carbide of iron 
(cementite) splits up under heat into ferrite 
and graphite. Benedicks has calculated that a 
completely pearlitic iron with about 1 per cent. 
of combined carbon, grows about 2 per cent. 
during this transformation. Practically, this 2 
per cent. is small, but the increase in internal 
stress brought about thereby forms an excellent 
beginning for the oxidation process proper, 
which yields a much larger volume increase. 

When oxide is formed at elevated tempera- 
tures from ferrous metals, the oxide occupies a 
greater volume than the material from which it 
is formed. Mechanically it is valueless. Scal- 
ing is a familiar phenomenon in the irons and 
steels, but growth is confined to ferrous materials 
which contain graphite. Oxidising gases, chiefly 
air, entering the space between the ingot sur- 
face and the mould wall, at the temperatures 
concerned, penetrate the graphite cavities (which 
are not completely filled with graphite) and 
cause oxidation of the metal in the immediate 
neighbourhood of the flake. The resulting 
volume increase sets up a condition of stress in 
the surface layer which is relieved sooner or 
later by the formation of a minute crack, pro- 
bably in the first place in the immediate neigh- 
bourhood of the cavity, and forming an exten- 
sion of it. The crack opens up a further channel 
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for gaseous penetration, and the process proceeds 
cumulatively. Clearly, the more intact the sur- 
face is, the better, and anything which tends 
to break or tear the working face promotes 
growth. By submitting a high-carbon hematite 
iron to suitable conditions in the laboratory, its 
volume can be increased something like 75 per 
cent., it being oxidised ultimately far beyond the 
point at which it would be possible to use an 
ingot mould. The cavities near the face, which 
is scaled, are full of oxide. Behind this the 
ordinary graphite flakes have been oxidised, and 
still further into the mould the flakes are visible, 
although the metal itself shows signs of 
oxidation. 

Cast irons subjected to high, and especially fluc- 
tuating, temperatures must ultimately inevitably 
fail by growth, and there are several ways of 
meeting the problem in ordinary industrial prac- 
tice. Growth can, in fact, be reduced to a 
fraction of ordinary thermal expansion for the 
temperature involved. Some of the solutions 
offered by modern heat-resisting irons (austenitic 
irons) may have to be ruled out on the grounds 
of cost, while other irons capable of resisting 
growth and scaling are not able to withstand 
thermal shock. The comparison of hematite with 
other heat-resisting irons in this respect is re- 
ferred to later. In common irons it is practicable 
to postpone breakdown as much as possible by 
starting with a white or mottled iron, or a low- 
silicon grey iron, preferably with the carbide 
stabilised by an element such as chromium or 
molybdenum. At the other extreme, a purely 
ferritic iron may be used, obtained, if necessary, 
by annealing a soft grey iron, and thereby remov- 
ing part of its capacity for growth. 

Growth is more rapid the higher the carbon 
and/or silicon content of the iron, the greater 
and coarser the graphite, the higher the tempera- 
ture, the longer the heating, and the more fre- 
quent the heating. The use of hot tops, the 
re-use of the mould before cooling down, the 
casting of ingots demanding high temperatures 
or of a highly penetrating character, all tends to 
promote growth and shorten the mould life, as 
does pouring with moulds in close proximity 
to each other, thereby precluding the rapid dissi- 
pation of heat. 

Growth is worst when the fluctuation takes 
place through the pearlite point. The pearlite 
change point in ingot mould iron is about 780 
deg. C., and the temperature of the working 
face probably reaches 900 deg. C. As the metal 
is heated, ordinary thermal expansion takes place 
regularly up to about 600 deg. C., beyond which 
the expansion begins to increase. At the pearlite 
point, about 780 deg. C., the constitution alters, 
the graphite begins to dissolve, pearlite changes 
to austenite, and a definite contraction in volume 
takes place. When the contraction is finished, 
thermal expansion continues. On cooling down, 
the metal at the pearlite change point on cooling, 
about 690 deg. C., redeposits graphite, and an 
expansion occurs, corresponding with the con- 
traction on heating: up. The expansion on cool- 
ing, however, is always greater than the contrac- 
tion on heating, and the difference represents for 
that one cycle of heating the permanent increase 
in volume called growth. Illustrations of such a 
cycle are given in Section VI of the Fourth 
Report on the Heterogeneity of Steel Ingots.t 
There is, therefore, much to be gained by using 
a metal with a pearlite change point above 
the highest temperature reached in service. 
Unfortunately, the cheapest element available 
which produces this change, silicon, is inadmis- 
sible on other grounds, for it makes the matrix 
mechanically brittle and less resistant to thermal 
and mechanical shock. The use of heat-resisting 
irons, austenitic in the cold state, and which 
therefore undergo no pearlite change, may be 
considered in this connection. 

The formation of minute cracks in the working 
face will, under these conditions, be readily 
appreciated, particularly as the metal near the 


t Iron and Steel Institute, Special Report No. 2, 1932. 


( 
( 
( 
( 


‘ 
5 
: | 
| 
: 
: 
: | 
‘ 
F 
1 
( 
| q 


May 138, 1937 


working face, restrained by the cooler metal at 
the outside of the mould, is thrown into a state 
of stress. At a point near the working face the 
metal, being at the change point, may be 
actually contracting while metal immediately 
behind it, lower in the gradient, is still 
expanding. 

Whilst in ordinary cast irons temperature fluc- 
tuation through the pearlite change point, especi- 
ally when this is repeated, tends to produce 
maximum growth, graphitisation begins at lower 
temperatures. Also, irons containing free 
cementite do not appear to suffer breakdown in 
this way until this cementite has disappeared. 
Thus, irons with carbides stabilised by small 
wmounts of chromium and molybdenum, and con- 
taining some free carbide, can be heated through 
the pearlite point without yielding appreciabie 
growth. Manganese has a somewhat similar 
effect, but does not form a free carbide, and 
high-manganese irons, unlike those of chromium, 
are not highly resistant to scaling. 


Influence of Composition 

It is presumed that the use of hematite iron 
was originally dictated by the necessity for 
remelting discarded moulds in the steel furnace. 
lt is understood that this condition is not now 
operative, or, at any rate, is not paramount, and 
would not be allowed to stand in the way of im- 
proved ingot moulds. This discussion is therefore 
governed solely by the life of the mould, regard- 
less of the disposal of scrap. It is remarkable 
that industrial requirements should have dictated 
the use of hematite iron, for it is an admirable 
material for resisting thermal shock. Phosphorus 
in cast iron is normally present as a eutectic, 
forming rigid three-dimensional network 
throughout the matrix. In a slowly cooling, 
medium-silicon iron like an ingot mould, it would 
exist as a binary eutectic, containing no car- 
bide. Phosphide is as objectionable, from the 
point of view of its rigidity, as free carbide, and 
does not break down with temperature, although 
with repeated heating it goes in part into solu- 
tion. It is often thought that phosphide eutectic 
is a source of weakness in heat-resisting irons on 
account of its low melting temperature, about 
950 deg. C., but the experience of the British 
Cast Iron Research Association has been that 
the eutectic remains rigid up to temperatures 
close to its melting point, and will hold up the 
matrix even when the body of the metal is com- 
paratively plastic. Thus, phosphorus does not 
confer resistance to thermal shock, but tends to 
produce an unyielding and rigid structure. 

Ingot moulds having small phosphorus contents, 
but above a hematite-iron value, have sometimes 
been reported as yielding a good life. This prob- 
ably arises because below about 0.3 per cent. of 
phosphorus the phosphide eutectic is not in suffi- 
cient quantity to form a continuous network, 
and is thus not a determining factor with respect 
to thermal shock. The superior fluidity of the 
metal possibly gives a more continuous metal 
structure and a better surface at the working 
face, and the slight reduction in the carbon 
content may mean finer graphite and somewhat 
less growth. For each percentage of phosphorus 
the eutectic carbon content falls about 0.3 per 
cent. 

For phosphorus figures higher than 0.3 per 
cent. the tendency to fail under thermal shock 
would predominate. Bars were submitted to 
thermal shock by being heated to 900 deg. C. 
and quenched in water. A 4.0 per cent. tota! 
carbon and 1.4 per cent silicon hematite iron 
was compared with an austenitic and very ductile 
type of iron, of good resistance to growth and 
sealing. After ten quenchings the latter showed 
cracks, while the former was whole after twelve 
quenchings. In another experiment a hematite 
iron withstood fourteen quenchings without 
cracking, and a 0.8 per cent. phosphorus bar 
cracked after seven heats. 


Carbon 


That part of the total carbon existing in the 
combined form influences growth by virtue of 
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the slight volume increase when breakdown occurs 
under heat to ferrite and graphite, as mentioned 
above. The graphite so formed usually diffuses 
to the nearest flake and thickens it slightly. 
The graphite itself, constituting that part of the 
total carbon content not existing in the combined 
form, is a potent cause of growth by virtue of 
the channels which it offers for penetration by 
oxidising gases. Generally speaking, the higher 
the total carbon in an iron the coarser is the 
graphite, and hence the greater is the liability 
to and the more rapid the growth. Irons with car- 
bon contents above the eutectic value also contain 
kish graphite. Ingot mould metal, usually made 
from open-grained hematite pig, such as No. 3, 
invariably contains small pinholes or cavities not 
necessarily graphitic in origin. These, like kish- 
graphite cavities, also contribute to growth. 
being, indeed, larger than the ordinary graphite 
cavities themselves, but they probably assist in 
resisting the thermal shock, for they facilitate the 
internal adjustment to stress without cracking. 
Large holes, however, are to be avoided, as they 
produce local hot spots owing to lowered thermal 
conductivity. Speaking generally, the higher 
the total carbon content, the coarser is the 
graphite, and vice versa. Conversely, if the total 
carbon content is lowered, the graphite diminishes 
in size and also in quantity and the combineil 
carbon increases. The iron becomes more fully 
pearlitic and ultimately cementitic The shrinkage 
in founding and the internal stresses increasc, 
and hence so does the liability to thermal shock. 


Silicon 


Increased silicon contents give increased lia- 
bility to growth, because, up to a point not 
reached in ingot mould compositions, it produces 
a coarser graphite structure and a greater quan- 
tity of graphite, the combined carbon being 
reduced. Opposed, however, to its action in 
breaking down iron carbide or cementite, it has 
the intrinsic property when in solution in the 
metal of hardening and embrittling the matrix. 
It raises the Brinell hardness of ferrite appreci- 
ably. Thus silicon promotes growth by coarsenin: 
the graphite, and thereby reduces the liability to 
thermal shock. At the same time it decreases 
the resistance to thermal shock by embrittling 
the matrix. It therefore seems desirable to use 
no more than is necessary to make the section 
grey, the amount required depending on the 
carbon. Too great a reduction of carbon and/or 
silicon makes the iron mottled and even white, 
and the liability to fracture on thermal shock 
increases enormously. Carbon and silicon act in 
so much the same way that an increase in one 
may be compensated for by a decrease in the 
other, and hence a measure of variation may be 
allowed in ingot mould compositions, provided 
the one element is changed in sympathy with 
any change in the other. The change is not 
linear. Thus, a change in the carbon from 3.6 
per cent. to 4.0 per cent. could be met by a 
reduction in the silicon from 1.8 per cent. ‘to 
1.6 per cent., preserving the same greying effect. 

Sulphur and Manganese 

Sulphur and manganese are carbide stabilisers, 
the former being particularly powerful. Their 
effects are mutually removed by their combina- 
tion as manganese sulphide, a comparatively 
harmless neutral inclusion. 

The experience of the British Cast Iron Re- 
search Association is that manganese and sulphur 
have the best opportunity of existing as man- 
ganese sulphide when the manganese is present 
in the atomic proportion with sulphur to form 
manganese sulphide plus an additional 0.3 per 
cent.; that is, the manganese content should be 
1.7 x per cent. S + 0.3 per cent. It is, how- 
ever, doubtful whether it is worth while inter- 
fering with current practice, where it is con- 
venient to use manganese contents rather in 
excess of this figure. The excess manganese exists 
as carbide in iron carbide. Equally, it is doubt- 
ful whether anything is gained by increasing 
the manganese beyond this limit by the aid of 
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ferro-alloy additions. Any advantage so gained 
points to the need for reducing the silicon con- 
tent. An excess of sulphur in the manganese- 
sulphur balance should be avoided. 


Phosphorus 

This element has been referred to above. It 
does not break down or promote growth at 
elevated temperatures. Whilst true hematite 
irons are most suitable for ingot moulds, phos- 
phorus contents of the order of 0.1 per cent. or 
even 0.2 per cent. probably do little harm, as 
there is not enough phosphide eutectic present 
to give a continuous network, and phosphorus 
definitely improves the founding properties. Up 
to about 0.3 per cent. of phosphorus, the advan- 
tage may outweigh the disadvantage. 


Nickel 

Nickel is a graphitising element about one- 
third as strong as silicon. Instead, however, of 
embrittling the matrix like silicon, it makes it 
tougher and more ductile. By replacing silicon 
in an appropriate proportion it delays growth 
and confers a measure of toughness on the 
matrix which assists the metal in meeting ther- 
mal shock. Used properly, balanced with the 
silicon, nickel can therefore be used to reduce 
the tendency to growth and increase the resist- 
ance to thermal shock. 


Chromium 

Chromium is a_ strong carbide stabiliser, 
stronger than silicon in the reverse direction. 
It therefore cannot be used in ingot moulds un- 
less it be regarded as a means of reducing the 
effective silicon content. Where it is desired 
to use a nickel addition without reducing the 
silicon content, nickel and chromium may con- 
veniently be used together in the ratio of 3:1. 
Used alone, chromium will increase the resistance 
to growth and scaling, but lower the resistance 
to thermal shock. 


Molybdenum 
Molybdenum is also a strong carbide stabili- 
ser, and produces marked improvements in the 
strength of irons to which it is added. The 
chilling (ie., hardening or carbide-forming) or 
greying (i.e., softening or graphitising) effects 
of the elements in cast iron can conveniently 

be summarised as follows :— 


Element. Graphitising value. 
Silicon .. +1 
Manganese — 0.25 
Nickel mig +0.3—0.4 
Copper .. ow + 0.35 
Molybdenum on — 0.35 
Chromium —1.2 
Aluminium + 0.5 


If the effect of silicon be regarded as positive 
and as unity, nickel, copper and aluminium are 
graphitising. The chilling elements manganese, 
chromium and molybdenum are designated as 
‘“minus,”’ opposed to the greying elements 
designated as ‘‘ plus.’’ Thus a 1 per cent. addi- 
tion of nickel or copper could be compensated 
for by a reduction of silicon of about } per 
cent., to maintain the same degree of greyness, 
while an addition of 1 per cent. of manganese, 
molybdenum or chromium requires an addition 
of silicon in the respective cases of 0.25, 0.35 
and 1.2 per cent. The chilling effect of a man- 
ganese increase of 1 per cent. could be brought 
about by a silicon reduction of 0.25 per cent. 
The use of aluminium as a graphitiser is at 
present under investigation. These ratios must 
be used with discretion, and apply only to irons 
of normal carbon and silicon contents. 


Influence of Structure 
It is convenient to consider here a few points 
relating to the effects of mechanical stress in 
cast iron, since for practical purposes the effects 
of stresses set up by thermal action will be simi- 
lar to those set up mechanically. If a bar of 
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cast iron is tested transversely, the deflection 
observed is made up of two components. The 
principal component, about three-fourths of the 
total in a common iron, is purely elastic, and 
disappears when the load is removed. The re- 
mainder is plastic, and remains as a permanent 
set in the bar. In a steel there is no plastic 
deformation below the elastic limit. 

The author has shown* that the plastic com- 
ponent enables an iron to stand up to shock, 
and therefore regards this as a highly desirable 
property in ingot mould irons. The cavities per- 
mit of a certain amount of internal readjust- 
ment or slip, not in or between the crystals 
themselves, but at the cavities. The smaller the 
cavities the more important becomes the toughi- 
ness of the matrix. This plastic property also 
enables an iron to absorb stresses imposed on it, 
a property variously termed mechanical or elastic 
hysteresis or, more recently, ‘‘ damping capa- 
city.”’ It is a fact that the commonest irons, 
irons containing the largest graphite cavities, 
are those with the greatest damping capacity, 
and experience in these fields reinforces the con- 
clusion that a large graphite percentage is im- 
portant in ingot moulds. The same conclusion 
is strengthened by studies of the fatigue of cast 
iron, cyclic mechanical stress being paralleled by 
the cyclic thermal stress. Cast iron, therefore, 
has a capacity to adjust itself to stress in a 
way not shown by the elongation in the conven- 
tional tensile test, and which in large measure 
compensates for its low intrinsic ductility as 
measured in such a test. Structurally it would 
seem to be preferable to have a large number 
of small cavities than a small number of large 
cavities. The effect of having no cavities at all 
is illustrated by what happens when a steel 
mould is used; here the thermal stresses set up 
without a chance of internal readjustment re- 
sult in distortion. An ingot mould must be 
rigid as a structure, but capable of absorbing 
thermal stress and of resisting thermal break- 
down. 

Homogeneity and Uniformity 

The cavities arising from graphite are distri- 
buted apparently at random, but so far as the 
general structure is concerned, there is every- 
thing to be gained by the greatest possible de- 
gree of uniformity. Thus, it is desirable that 
the composition and structure of the metal 
should not vary from point to point, and in this 
connection it is worth while controlling the melt- 
ing furnace in such a way that the highest 
possible degree of control is obtained. Finally, 
although cavities have a useful function to per- 
form, large interruptions to the structure in the 
form of holes or draws should be avoided. 

The modern mould as cast thus consists of a 
hematite iron of such carbon and silicon contents 
as will yield an all-pearlitic matrix, with flake 
graphite. The sulphur and manganese should 
be baianced, and the structure should be regular 


and uniform. The specification would be as 
follows :— 
Total carbon High—not lower than (4.3 — 0.3 » 


Si per cent.) 

Content such as to yield a com- 
pletely grey all-pearlitic iron. 

Below 0.1 per cent. 

1.7 x percentage S + 0.3 per cent. 
min. 

Below 0.1 per cent. 


Silicon .. 


Sulphur 
Manganese 


Phosphorus... 


A New Structure for Ingot Moulds 

The specification given above suggests the most 
suitable compromise available from present know- 
ledge, and clearly the mixture adopted will 
depend to some extent on the size of the mould. 
An ideal structure would be a high-carbon iron 
with a very fine graphite structure, the high 
carbon content conferring resistance to thermal 
shock while the fine graphite would prevent the 
entry of oxidising gases and hence would delay 


*J. G. Pearce, “ Elasticity, Deflection and Resilience of Cast 
Iron,” Journal of the [ron and Steel Institute, 1934, No. I, p. 331. 
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growth. Hitherto it has not been possible to 
obtain this particular combination, and modern 
methods of making high-quality irons by reduc- 
ing the size of the graphite always accomplish 
this by reducing the amount of total carbon. 
For the reasons already outlined this is inad- 
missible in the case of ingot moulds. 

A process, however, has recently been worked 
out in the laboratories of the British Cast Iron 
Research Association which offers a possible solu- 
tion. By means of this process, it has proved 
practicable to obtain a fine graphite structure 
in irons of the highest possible carbon content, 
the graphite structures being finer than any 
hitherto ebtained regularly. The process appears 
to work exceptionally well on hematite irons. 
For example, a No. 3 hematite iron was melted 
in a crucible furnace holding about 100 lb. of 
material. It had a total carbon content of 3.9 
per cent., silicon 1.4 per cent. and manganese 
0.4 per cent. It was subsequently treated, and 
without alteration to the composition, the 
graphite was modified. It is also practicable 
to transform fine-graphite irons back to the 
coarse-graphite state. The change in structure, 
in the case mentioned, resulted in an increase 
in the transverse strength from 14 to 20 tons 
per sq. in., the original strength being restored 
with the original structure. The Brinell hardness 
increased from 118 to 159. 

This treatment has the exceptional advantage 
of yielding fine graphite structures even in rela- 
tively thick sections, as shown by 3-in. dia. 
samples, and absolute uniformity in all sections. 
The fractures obtained by the process mentioned 
are matt and black, owing to the extremely fine 
graphite. ‘There should be little gaseous pene- 
tration and a high resistance to shock. 

Moulds made from the new treated metal 
should have a much better surface, because the 
deterioration of the surface on existing moulds 
is due in the main to growth, fostered in its 
turn by coarse graphite. 

If this method of approach fails to give the 
results anticipated, and the cost should not be 
greater than a few shillings per ton on the cost 
of metal, the possibility of artificially producing 
cavities might be considered, a process which can 
he accomplished by the use of hydrogen. 

The processt consists in the incorporation in 


the melt of a small amount of titanium and 
subsequently treating the melt with carbon 
dioxide. No details are required here, because 


the process has recently been fully described by 
Norbury and Morgan,{ and its application to 
cupola furnaces is being actively carried out. 
The first application of this process to the pro- 
duction of industrial ingot moulds has been made 
on behalf of the Sub-Committee by a member 
firm in co-operation with the British Cast Iron 
Research Association. Results are not yet avail- 
able, the ingot moulds thus prepared being still 
in commission (February, 1937). 


DISCUSSION 


According to the experience of some members 
of the Sub-Committee, who discussed this Paper, 
ingot moulds fail mainly by major cracking, and 
of others that they fail mainly by crazing or 
minor cracking. It was agreed that major crack- 
ing is to be attributed to design or casting 
factors and possibly to changes in properties 
produced by structural changes following heat- 
ing, whilst crazing is to be attributed to oxidis- 
ing and stress effects, for it can be produced in 
some steels solely by thermal stress effects and 
in cast irons by heating under conditions where 
the stress set up is small. The stresses arising 
from differential expansion were regarded as one 
of the main causes of failure, the production of 
a design to give a uniform temperature as 
rapidly as possible throughout being suggested 
as the way to eliminate cracking. 


+ British Patent No. 425,227; U.S. Patent No. 2,052,107. 
Certain foreign patents pending. 

t Norbury and Morgan, “ The Influence of Non-Metallic Inclu- 
sions on the Graphite Size of Grey Cast Iron,”’ Journal of the Iron 


and Steel Institute, 1936, No. II, p. 327 P. 
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The argument in favour of the presence of 
cavities in reducing liability to cracking was 
supported from experience with steel ingots, 
which, when containing small blow-holes, are less 
liable to crack in casting or rolling than ingots 
free from them, and it was suggested in conse- 
quence that steel ingot moulds should be made 
from semi-killed rather than from fully killed 
steel. Two members doubted whether cavities 
have the advantage suggested, as steel ingot 
moulds do not contain them, and cavities involve 
2 stress concentration conducive to cracking in a 
brittle material. At the temperatures of opera- 
tion of an ingot mould, however, the material is 
far less brittle than at ordinary temperatures, 
and experimental work on cast iron has shown 
that at ordinary temperatures it has a very good 
endurance ratio and that this is not greatly 
affected by the production of holes, notches, re- 
entrant angles and stress raisers generally. The 
influence of graphite cavities in a relatively rigid 
material, permitting a measure of plastic distor- 
tion to take place under stress, has been dealt 
with in the author’s 1934 Paper (loc. cit.). 

Figures were quoted in support of the conclu- 
sion that an increased silicon content gives in- 
creased liability to growth and craze-failure. The 
possible value of increased phosphorus contents 
for ingot moulds was mentioned, and the use of 
austenitic irons was regarded as quite feasible for 
comparatively small moulds to be used for highly 
specialised products needing a perfect ingot 
surface. 

Annealing has not been found advantageous on 
the whole, and it was suggested that its main use 
would be for removing stresses remaining after 
casting the mould and would apply only to cases 
where these were likely to be serious. 


Standard Ferro-Chromiums 


The Bureau of Analysed Samples, Limited, 
announces the issue of two new standard ferro- 
chromiums having the following composition :- 


Low carbcen | 


High carbon 


No. 203. No. 204. 

Per cent. | Per ccnt. 
Chromium 69 .0- 71.4— 
Carbcn 0.08 5.09 
Sulphur 0.01 0.02 


The general analysis of the other constituents 
s also supplied but not standardised. 
As usual each sample has been analysed care- 
fully by at least ten chemists representing inde- 
pendent laboratories, and buyers’ and sellers’ 
chemists in this country and elsewhere. The 
certificate which accompanies each bottle of the 
standard sample gives an interesting record of 
the methods of analysis used by each chemist. 
The orthodox sodium peroxide fusion method 
was used by the majority of chemists, but in 
several cases the new persulphate and perchloric 
acid methods, which have proved to be both 
accurate and quick, were used. Other interest- 
ing features were a new combustion method and 
a new perchloric acid method for sulphur. 
* These standard samples should prove useful to 
the many chemists in iron and steel and other 
laboratcries where ferro-chromium is analysed to 
specification. The low carbon sample is particu- 
larly interesting to makers of stainless steels. 
The standard is issued in bottles containing 
100, 50, and 25 grms. each, and may be obtained 
direct from the Bureau of Analysed Samples, 
Limited, 3, Wilson Street, Middlesbrough, or 
from any of the usual laboratory furnishers. 


Tue Lonpon Die Castine Founpry, Limitep, is 
being wound up voluntarily. Mr. H. A. Merchant, 
48, Uxbridge Road, Ealing, London, W.5, is the 
liquidator. All creditors have been, or will be, 
paid in full. 
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give very much information to the foundrymen. 

Gunmetals and Tolerances To get the results so far obtained must have 

required a tremendous amount of work which 

should be appreciated, but on these figures the 

LANCASHIRE’S CRITICISMS first thing one had to consider was that they were 

trying to reduce 37 different alloys to three. A 

, . survey of the figures given in the tables was be- 

Two Reports were read at the April meeting The Metal Used contstuter hated that 

of the Lancashire Branch of the Institute of —§ Mr. Howarp said the question of whether melting at the three temperatures allowed, i.e., 

British Foundrymen, held at the Engineers’ virgin or scrap metal was used in making the 1.200 deg. C., 1,150 deg. C. and 1,100 deg. C., 

Club, Manchester. The President (Mr. J. Hogg) test-bar had purposely been omitted, because it the test-bar was much weaker when cast at 

was in the chair. had been decided that the bars should be made 1,200 deg. C. than at 1,100 deg. C. Whilst 

Mr. E. J. L. Howarp presented ‘‘ Recom- from the normal melts used in the foundry. 

mendations for Two Leaded Gunmetals,’’ by the The probability was that in no case were they of 

Non-Ferrous Sub-Committee of the Technical virgin metal, if by virgin metal was meant once- 

Committee, and Mr. F. K. Nearn, a member of melted metal. A remark had been made regard- 

the Malleable Sub-Committee, and convener of ing high density, and it was stated on the report 
the Literary Committee, presented ‘‘ Dimen- that it was a sand casting. 

sional Tolerances for Castings (with particular 


another foundry reversed the order. 

In working to three standard alloys, the first 
consideration would appear to have been to make 
the test-bars from the three selected alloys, for 
then they would have some definite data to work 
on. If the tin or zine content was slightly 


changed, figures were obtained which were totally 
reference to malleable cast iron),’’ by the Sub- Chitied Castings and Density different. 
Committee of the Technical Committee on Mal- | MR. Puttiips, quoting the report, which read: Gould Mr. Howard tell them with fair exact- 


leable Cast Iron. “In the particular Series under discussion nes at which temperature—1,200 or 1,100 deg. 
After the usual votes of thanks to Mr. Howard *@™ples yo from 7.9 to 8.9 have been ex- (better metal would be obtained? One 
and Mr. Neath, Mr. A. Puuiups, referring to amined by the Sub-Committee, the former repre- foundry stated that 1,200 deg. C. was the weaker 
the Report on gunmetals, said that no mention senting porous and weak metal and the latter ynq 1,100 deg. C. the stronger; another, 1,100 
had been made as to whether virgin or scrap close Gense material resulting from chill casting deg. C. the weaker and 1,200 deg. C. the 
metal had. been used. To him the origin of the stronger, and they could obtain at least 9 dif- 
metal appeared to be of paramount interest. of 8 992 . 1 100 ts “o. ary sand had a censity ferent ways in which they could arrange those 
Referring to Table V in the Report, he sug- ® : Se three figures. He had drawn each line and had 
gested that the works signified by letter G, had considered the lowest figure one, the middle 
certainly vitiated all the results in that series, figure two, and the highest three on every line. 
and he thought that if those figures were elimi- He had then worked down each line in the same 
nated and the average of the remainder taken, way and totalled the result of each of the four- 
the results would be different. teen lines. These figures had shown amazing 
There were some materials which gave a very results. 
high density and a very low tensile strength, remarked that a large variation pa 
and with the same material a very low density was possible with density figures. He did not \2 i y, o/ 
with a very high tensile strength were also think from these series the Institute should —<——3b >=-—— 3b 3b 
obtained, which was contrary to expectation. ;ecommend any density figures for non-ferrous \ aC fe 
For instance, in the latter part of the Paper, material. \8e Wes 
the density figure of 8.9 was obtained on a chill Mr. Howarp said the Committee did not pro- 3e 
material, and when tests were made on a test- pose doing that, nor did they suggest putting It could be calculated with a fair amount of 
bar which was not a chilled material, a density forward to the British Standards Institution actual shop practice. Mr. Jackson then sub- 
figure of 8.9 was obtained. density or hardness figures for acceptance. The mitted the details given in Table A. 
' Committee proposed to adhere to the tensile 
The Rensmmanten Taga and elongation figures, but they did claim that 


Mr. Howanp said these test-bars were not of 
the same composition and they varied within the 
limit of the proposed specification. He would 
certainly put Mr. Phillips’s point before the 
Sub-Committee, but none of the test-bars 
described in the Report was chilled and they 
were all either cast in dry sand or green sand. 


TABLE A.— Casting Temperature and Mechanical Properties. 


The exact shape of the test-pieces had not been 


. E the method described could be easily adopted in Casting temperature, 
stated. The test-piece of non-ferrous metal the foundry for personal use, and it would give B deg. C. 
should have a radius on the shoulder of 3 21-> some indication of the properties of the casting. - 
whereas only the test-bar sizes had been given 1,200 1,150 1,100 
and not those of the actual test-piece; all that Initiative in Foundry aa 
had been given for the test-piece were diameters in. F. K. Neatn, replying to Mr. Phillips, Maximum stress, a 21 30 4 
0.564 and 0.798 in. said the foundryman should say to what limits 
Mr. E. J. L. Howarp said that Fig. 1 showed he could work, and, if necessary, he should insist Elongation, per | Large 25 26 29 
the actual dimensions of the test-pieces, which upon making the patterns, and not to let the cent. Small 24 28 35 
were machined down to 0.564 and 0.798 in. On engineer stipulate dimensions and limits, and 
test-bar A the radius was j in, and on test-bar E then, perhaps, supply patterns, and expect the Brinell hardness | Large 19 24 29 
1 in. foundryman to produce the castings. Some Small 16 21 32 
Mr. Puitires said it was clear that the test- foundries had to work to very close limits, and : $ 
bars were machined, one to 0.564 in. and the it was surprising to what an extent this took Density Large 12 - 25 
second to 0.798 in., but the dimensions of the place on repetition work. In those foundries —_ = = = 
test-pieces were not given—only the diameters. which had their own machine shop working in Suitability of the Specification 
Mr. Phillips said these were most important, close co-operation with the foundry, as, for ex- fx. Howarp said the idea of casting at the 
especially in non-ferrous practice. various temperatures was to ascertain the effect 
The Undesirability of Tolerances foundryman should insist on the limits to which °” ths physical properties, and te table Bad 


Referring to the Paper on dimensional toler- he could work and how the patterns should be 
ances, Mr. Phillips said that the manufacture made, otherwise he might be given an impossible so, ps the yore os a ape the pre- 
of ordinary loose pattern castings from patterns task. whet 
supplied by customers was not considered, but Jigging Spots ary 
when mass-production castings had to be manu- suggested that the d 
factured to within certain tolerances, then diffi- |’. . at the draughtsman to a reasonably low temperature, or if they were 
apie ‘ hought ont trie ee should place on his drawing the Jig- taken out hot and quenched, the physical test 
—_ a a i ae ae ging point of his casting. They often found from those bars would still pass the proposed 
in that direction, but he would like to suggest th, jigging point which, when the casting came specification. He thought that the specification 
that until the engineer and the draughtsman pecia 

: to be made, was a loose piece on the pattern o1 proposed could be met under almost any circum- 
were more foundry-minded, recommended figures piece formed by a core. This caused very great povided the 
should not be included in any specification, for variation, and the jigging point of the castings pormal. P : 
the reason that immediately they inserted a xhould be clearly marked on the drawings. Me the te 
figure in a specification, the customer’s represen- Fic. 3 of th R 
tative, who might not always be mechanically- The Leaded Bronzes Correlated ne = 
minded, could reject the work as not being to Mr. Jackson, dealing with the Paper on an actua 
specification, when a skilled engineer would find two leaded gunmetals, said the Sub-Committees 
it satisfactory. Some way should be found of were more concerned with helping the man who cast test-Sar. 
educating the engineer and the draughtsman to gave instructions than the man who had to do Both Reports Criticised 
put taper and tolerances on the drawing, and the work. This meant that they were helping Mr. E. Lonepen said he did not wish to de- 
then they could either accept or reject his speci- the engineer to know exactly what could be tract from the value of the work done by the 
fication. obtained from certain metals, but they did not members of the Technical Committees on the 
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various subjects, but he did think that before 
anything was committed to paper, they ought 
to have summarised it and arrived at more con- 
cise conclusions. In his opinion, the data in 
their present form were hardly worth while. He 
was in agreement with,a previous speaker re- 
garding the metal required to produce the re- 
commended standard non-ferrous test-bar. Some- 
thing more rational ougltt to be devised to put 
hefore foundrymen and the outside engineer. To 
cast the test-bar recommended would require 
from 500 to 600 per cent. surplus metal above 
the weight of the test-bar casting. 

With regard to the report of tolerances, 
the data lacked reliable conclusions. The 
4 in. per foot tolerance on the 6 ft. 
dia. brass ring would mean 3 in. on the 
full dia. Of course, that would be absurd 
and must be due to an error in some way. 
Another recommended tolerance of 7% in. per 
foot up to 2 ft. dia. was surely not neat work- 
ing. What became of the desirable ‘5 in. 
machining allowances on brass castings which 
some brassfounders boasted about if such allow- 
ances be recommended? If the tolerance en the 
casting was increased, then the machining allow- 
ance was bound to follow. He was of the opinion 
that it would be far better to make no state- 
ment at all than to commit uncertain results to 
paper for recommendation. 

He was surprised to learn that they found that 
no expansion resulted in whiteheart malleable 
iron after annealing. It was stated that, after 
annealing, whiteheart contracted and compared 
with a recommended average contraction allow- 
ance of 0.278 in, after annealing against 0.255 
in. in the hard state. 

He had made many hundreds of tons of white- 
heart malleable iron and he could state that it 
was not his experience that castings contracted 
during annealing. It was, of course, well known 
that blackheart castings were larger after 
annealing than before, due to the swelling action 
of the precipitated carbon. The annealing pro- 
cess for whiteheart was essentially one of carbon 
elimination by oxidation through the medium of 
the ore packing, furnace gases, temperature and 
time. He said elimination, but net total elimi- 
nation, because the castings retained a small 
proportion of carbon as temper graphite. 

There was growth from the swelling action of 
the precipitated carbon, and also from the oxida- 
tion and gas content of the metal itself. He 
could not think that castings would be smaller 
after annealing unless the annealing process had 
gone wrong and castings had been burned due 
to direct exposure to furnace gases, etc. 

It was contrary to his experience to find that 
a jarger diameter ring contracted, in proportion, 
more than a smaller diameter ring. This was 
so with malleable iron, grey iron or brass. There 
was greater resistance to contraction in the 
larger rings. He felt that such errors were more 
due to the difficulty of measuring small castings, 
to which the majority of the data applied. He 
thought that such conclusions ought to be more 
seriously examined before final recommendations 
were made. 


Machining Allowances not Related to Tolerances 

Mr. Neartn said that the machining allowance 
ought to be part of the casting; that had noth- 
ing to do with the foundryman. It was normally 
stated on the blue print, and was ;‘gth or {th 
or whatever they wanted te use. 

Mr. Lonepen said that the tolerances would 
increase the machined size just the same. 

Mr. Neatw said the machined limits were 
usually in terms of a few thousandths (plus or 
minus 2 thousandths or 4 thousandths) dependent 
on the accuracy of the job, but that was not 
the subject of the Report. This Paper was con- 


cerned with the accuracy with which one could 
make a casting, and the tolerance referred to was 
after the machining allowance had been provided 
for. 
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Whiteheart contraction, was a very variable 
factor, and he knew from experience that_ the 
factor depended upon the extent to which one 
annealed a casting. As was well known, white- 
heart castings were generally spoken of by most 
people, as being up to 2 in. thick, and on the 
average much thinner, and the final contraction 
would dépend on whether it had been annealed 
completely, that was, whether all the carbon was 
burnt out, or whether there was, say, half of 
it left in. With regard to the rings he would 
like to say that these and the motor-car castings 
mentioned in the Table were manufactured in 
blackheart and not whiteheart. 


The Recommended Test-Bar 

Mr. Howarp, referring to Mr. Sutcliffe’s and 
Mr. Longden’s remarks on test-bars, said that 
the design of the test-bar was carried out by 
the original members of the Non-ferrous Sub- 
Committee many years ago. It was not designed 
with a view to getting the strongest test-bar, but 
with a view to getting agreement from a number 


of foundries. It had been found that that bar 
gave a better agreement from a number cf 
foundries than any other type of bar. If one 


cast with a high runner and consequently had 
a high pressure in the mould then a stronger 
bar would result, but that was not the Sub- 
Committee’s object. 

Mr. W. N. Cook said that the recommended 
bar quite a permissible and the 
Admiralty would accept it. 

Mr. Howarp said that as one could obtain the 
figures stated on that type of test-bar, or from 
the type of casting [illustrated] he did not think 
there could be very much wrong. 

Mr. Puituips said that every member who 
was familiar with non-ferrous practice knew that 
one had to put large feeders on certain non- 
ferrous castings; similarly with the test-bar a 
large runner and feeder had to be added. 


Was one 


New Test-Bar Commended 

Mr. F. Dunteavy said that the recommended 
test-bar was quite in order for it was as suitable 
for 4-in. castings as for 7%-in. castings. Since 
the Paper had been published he had carried out 
several experiments in casting these bars in dif- 
ferent ways with different treatment. He had 
heard of firm that had cast these bars on 
end; in fact, they had tried all methods, as, for 
instance, some larger bars had been cast eight in 
a row, one with the riser opened out, and fed at 
one end more than at the other. The Admiralty 
had specified a strength of 16 tons per sq. in. 
At the foundry with which he was connected 
those bars had been cast at the same temperature 
of 1,140 deg. C.; one gave strength results of 
20 tons per sq. in. and the other 18} tons per 
sq. in. These figures indicated the results which 
could be obtained within those limited tempera- 
tures. He agreed that the recommended method 
was an ideal way of casting gunmetal, which 
compared with the best Admiralty specification. 

Mr. W. N. Cook said the difficulty of supply- 
ing outside people with non-ferrous castings was 
obvious when one had about ten firms which had 
to be supplied with such castings each to a dif- 
ferent specification. The two gunmetals dealt 
with in the Report would, however, do most of 
the work required by the 37 different variations. 
He agreed with the Sub-Committee that the en- 
gineer should be educated for the benefit of the 
foundrymen. Trouble was experienced when the 
proprietors of a patent alloy made fantastic 
claims and the engineer insisted upon such pro- 
prietory metal being used, and blamed the foun- 
dryman when the results did not fulfil the 
extravagant promises. Foundrymen were also 
troubled by engineers who had read articles in the 
non-technical Press by authors who knew nothing 
at all about the subject, and as a result made 
impossible demands upon the foundryman. It 
would be advantageous if the suggested speci- 
fication stated for what type of castings the 
metal was suitable. The metals referred to in 
the Paper were not all suitable for the same 


one 
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purpose. The last one was mostly used in this 
country on valves and low-pressure work, and it 
was not suitable for high-pressure jobs where it 
was necessary to use high tin contents. 

These two metals were easily distinguishable by 
the fractures, so that there was no danger of one 
being mistaken for the other. The general adop- 
tion of the two metals would definitely make the 
work easier, and he thought the Non-Ferrous 
Sub-Committee were doing very useful work. 


Catalogue Received 


Industrial Grinding. Until a decade or so ago, 
the interest of the foundry industry in grinding 
was limited to the fettling of castings, and the 
enamelling department, whilst the word was 
erroneously used in connection with sand pre- 
paration. With the march of time, however, 
the grinding of fuel has assumed considerable 
importance, as powdered coal is now extensively 
used for melting in both rotary and stationary 
furnaces, and in various heat-treatment pro- 
cesses. This particular subject has been very 
intelligently dealt with in a new publication 
issued by International Combustion, Limited, of 
Aldwych House, Aldwych, London, W.C.2.  [t 
covers very adequately the Hardinge mill, which 
operates on the principle of a number of grinding 
bodies rotated in a conical drum, mounted on 
hollow trunnions through which the material 
passes to and from the grinding zone. Its action 
is a combination of impact and attrition. Jt 
can be operated dry, as for pulverised fuel pre- 
paration, or wet, as in vitreous enamel practice. 
The brochure, which contains 26 pages, and is 
well illustrated, details the actual construction 
of the mill, entering into the materials of con- 
struction. Details are given of its performance 
on a humber of materials, including enamel grit. 
In this case details from two sizes are given. 
They tell us that with a six-foot by twenty-two- 
inch mill, taking twenty horse-power, and using 
a j-in. feed, the capacity, when reducing the 
mix to an all minus sixty mesh, the hourly 
capacity is 750 lbs. With a four-foot six-inch 
mill, taking an eight horse-power and using a 
quarter-inch feed, working under similar condi- 
tions, the hourly capacity is three hundred 
pounds. Similar details are available for bitu- 
minous coal and anthracite. Reverting back to 
enamel grit, some interesting data are given 
relating pebble size to weight and the num- 
ber contained in a ton. The brochure is available 
to our readers on request. 


Publication Received 


Southampton Docks.—1937. A Handbook of 
Rates, Charges and General Information. 
Published by the Southern Railway Docks 
and Marine Department, Southampton. 
Price 6d. 


Because of the rapid development at South- 
ampton, the need for a new and up-to-date 
edition of this handbook was obvious. Southamp- 
ton is now the premier passenger port in the 
United Kingdom and ranks fourth in respect to 
the value of freight traffic handled. A_ perusal 
of this book by all executives whose duty in- 
cludes the despatch of goods overseas is essential 
as facilities are disclosed, due to the recent 
developments referred to, which may materially 
influence the selling price. 


Heap, Wricutson & Company,  LimiTeED, 
Thornaby-on-Tees, have been awarded a contract 
amounting to approximately £25,000 by the Com- 
pagnie Financiére et Industrielle d’Ougrée for a 
Greenwalt sintering plant to be installed at the 
works of the Soc. Anonyme Ougrée Marihaye, Bel- 
gium. 
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The American Scrap and 
Pig Position 


Faced with the possibility of a possible 
domestic scrap iron famine, the American 
Government is seriously considering legislation 
. to license the export of this vital war material. 
It is asserted that Japanese purchases since 
1935 have rocketed the export price from $7 
a ton in 1931 to $18 a ton for No. 1 scrap, a 
level which numerous independent foundries 
have complained is almost beyond their reach. 
It is proposed to place stringent restrictions on 
the export of scrap steel and iron, and a plan 
is being formulated somewhat similar to the 
restrictions now imposed on tinplate scrap. 

The metal experts in the Commerce Depart- 
ment said that the Japanese demands were first 
made in the latter part of 1934, when the army 
was consolidating its Manchukuoan position. 
The Japanese paid $23,000,000 for 2,113,000 
American tons of scrap in 1935 and $25,000,000 
for 1,941,000 tons in 1936. The 8 per cent. 1936 
decline in -volume was offset by a 7.5 per cent. 
price increase per ton. The heavy foreign pur- 
chasing of American scrap iron and steel first 
came into prominence a few weeks ago, when the 
railways were forced to refuse further consign- 
ments to Atlantic and Gulf Coast ports and to 
raise storage charges at Boston because their 
yards were full and badly-needed wagons stood 
idle while awaiting cargo space on ships for the 
serap steel with which they were loaded. 

Since every ton of scrap iron and steel ex- 
ported is equivalent to two tons of ore, and 
scrap constitutes on the average 50 per cent. of 
each ton of steel produced in the U.S., the com- 
modity is considered an important national re- 
source. The drain on American scrap has accu- 
mulated more than 4,000 goods wagons in rail- 
way sidings—more than ten times the normal 
number. All over the country the same scene 
was being re-enacted. Men worked with oxy- 
acetylene torches, slicing scrapped automobiles, 
dismantling railway cars and _ miscellaneous 
scrapped machinery. 

The abnormal demand manifested itself not 
only in the scrap metal market, but in the iron 
ore field. Stocks of ore at Lake docks and fur- 
naces were the lowest in years. According to 
the Lake Superior Iron Ore Association, stocks 
on March 1 were 3,337,168 tons, against 4,904,168 
at the same time last year. It is estimated that 
the ore movement this year will be at between 
55,000,000 to 60,000,000 tons, and more if cargo 
capacity can be found to carry it. For the first 
time since 1929, when 66,000,000 tons were 
moved, every shipping company has ordered al] 
boats into operation. In anticipation of the 
best year of production since 1930, iron mining 
ranges of Upper Michigan and Northern Wis- 
consin are speeding up operations. Most of the 
mines are now on a five-day basis, which is now 
accepted as full time. 

With the steel industry getting into high pro- 
duction, the American Iron and Steel Institute 
finds that it may have to revise its estimates of 
practical capacity of the U.S. steelmakers. Even 
now several units, hitherto considered to be 
obsolete, have been placed into operation to meet 
the emergency shortages. For example, 3,000 
beehive coke ovens are now operating in the 
Connellsville region, many having believed that 
they would never operate again in view of the 
more practical and economical by-product ovens 
which normally supply the country’s demand. 
Similarly, there are now many Bessemer con- 
verters in operation, yet it was believed they 
would never work again, as the process is imore 
or less obsolete. Owners of small and obsolete 
blast furnaces are in some cases grooming them 
for restarting, though the limited supply of coke 
may dash their hopes. 
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Pig-lron Market 

The price of pig-iron recently achieved its 
highest level for 13 years when it was quoted 
at $25 a ton for Eastern Pennsylvania No. 2 
foundry pig-iron. Its previous highest level was 
in September, 1923, when $26.26 a ton was 
quoted. The latest production figures for pig- 
iron and ferro-alloys in the U.S. show an output 
of 31,029,187 tons for 1936, compared with 
21,372,699 in 1935 and 16,138,573 in 1934. 

Further proof of the steadily growing impor- 
tance of the secondary metals industry to the 
national economy is supplied by the fact that 
in the United States ‘“‘ the value of metals re- 
claimed annually from scrap, rivals the value of 
virgin metals won from the ground.’’ Mr. Elmer 
W. Pehrson, supervising engineer of the non- 
ferrous metals section of the U.S. Bureau of 
Mines made this assertion at the recent session 
of the annual convention of National Associa- 
tion of Waste Material Dealers. Mr. Pehrson 


The Hydraulic Cleaning of Castings 


From time to time, in discussions of modern 
developments in the cleaning of castings, the 
question of the hydraulic system is brought into 
the limelight. The first attempt was probably 
made by the late Mr. Charles Markham, of 
Chesterfield, but he discontinuéd his experiments 
when oil sand cores were introduced. The only 
plant personally inspected by the writer was one 
installed at the foundry of Heinrich Lanz A.-G., 
of Mannheim, designed by the Badische 
Maschinenfabrik. In America, the foremost 
foundry undertaking which cleans its castings by 
the hydraulic system is the Allis Chalmers Manu- 
facturing Company, of Milwaukee, Wisconsin. 
The plant was visited by members of the Ameri- 
can Foundrymen’s Association during the recent 
annual meeting held in that city, and was the 
subject of much congratulation for the success 


Tue Hypravutic CLEANING PLANT INSTALLED IN THE FouNnpRY oF ALLIS CHALMERS 
MANUFACTURING CoMPANY, OF MILWAUKEE. 


pointed out that in 1929 the value of metals 
recovered in the U.S. from materials entering 
the waste trade was approximately $1,000,000,000. 
‘“ Seldom indeed has the annual value of domes- 
tic output of primary metals, including pig-iron, 
exceeded this total,” he said. ‘‘ Even in the 
boom year, 1929, the value of American mine 
products fell short of $1,500,000 and during 
some of the depression years the salvage of scrap 
metals has actually exceeded the output from 
primary sources.”’ 

Mr. Pehrson said that the reclamation of 
waste materials has added decades to the life 
of the country’s mines. He predicted that when 
ore reserves approach exhaustion, this aspect of 
scrap business will become vital, as it will con- 
cern not only industrial well-being but the 
ability to meet military emergencies. ‘‘ Statis- 
tics on the production of non-ferrous metals 
show that the output of secondary metals has 
increased more rapidly than that of primary 
metals,’’ he continued. From 1909 to 1929, the 
value of the annual output of non-ferrous metals 
from scrap increased fourteenfold, as compared 
with a three-fold increase for primary produc- 
tion. There is further reason to expect that the 
production of secondary metals will continue to 
increase more than that of primary metals. 


they have attained in the perfection of a really 
novel method of cleaning castings. No similar 
installation exists in this country, though the 
system on a very small scale is practised in some 
non-ferrous foundries, when smal] valves and 
similar castings are dipped into water whilst 
still hot and the sand is ejected with a slight 
explosive force. 


Electric Furnace for Overseas 


A 3}-ton electric furnace has recently been built 
by the machinery department of Edgar Allen & 
Company, Limited, for the Electric Furnace Com- 
pany, Limited, of London, 8.W.1. This furnace is 
for overseas, and will be installed for the making 
of steel castings as well as ingots. The electrical 
gear consists of a 1,200 k.v.a. transformer having 
variable high reactance for arc furnace work, with 
several low tension voltages, the desired voltage 
being obtained by means of a motor operated tap 
change switch. The high tension switch controlling 
the transformer is of standard type, complete with 
the necessary push buttons for operating a special 
tap change switch. High speed automatic electrode 
regulators are also provided. The furnace is de- 
signed for melting a normal charge of 3} tons in 
approximately 24 hrs. 
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The Week’s News in Brief 


Trade Talk 


CoLviLtes, LiMiTED, are to erect a large machine 
shop at Crosshill Street and Park Street, adjacent 
to Dalzell Steel Works. 

Srr James Lainc & Sons, Limirep, Sunderland, 
have received an order for a 14,500-ton tanker from 
Prebenson & Blakestad, of Rison, Norway. 

THE WORK OF CONVERTING the boiler shops at 
Jarrow-on-Tyne of the old Palmers Shipbuilding & 
Iron Company, Limited, into tube works is nearing 
completion. 

James Bertram & Sons, Limitrep, Edinburgh, have 
shipped to Dublin paper manufacturers a drying 
cylinder, 14 ft. dia. and 11 ft. 6 in. in length, and 
weighing 40 tons. 

Rose, Downs & THomson, Limitep, Old Foundry, 
Hull, are to supply the plant for the new fish meal 
factory, in course of erection, at Aberdeen for the 
Caledonian Milling Company, Limited. 

GENERAL LIMITED, announces that 
the issue of 300,000 new 10s. shares, at 25s. each, 
has been over applied for and allotted, and no addi- 
tional shares are available for applicants. 

His Masesty’s GovERNMENT in the United King- 
dom have accepted the invitation of the United 
States Government to participate officially in the 
World’s Fair. to be held in New York during 1939. 

THomas W Warp, Limitep, of Sheffield, have 
concluded negotiations with the Glasgow Iron & 
Steel Company, Limited, for the demolition of the 
company’s iron works at Wishaw. These works in- 
clude six blast furnaces, six stoves, twenty Lanca- 
shire boilers, and a by-product plant. 

Camco (Macuinery), Limirep, of Camco House. 
63, Farringdon Street, London, E.C.4, are to-day 
transferring their administrative offices and works 
to new premises at New Icknield Way, Letchworth, 
Herts. Their London showroom and _ registered 
offices will remain at Camco House. 


Personal 


THE NuMBER or Mr. David Browlie’s house has 
been changed from 46 to 56, Grange Road, Ealing, 
London, W.5. 

Mr. H. H. has changed his private 
address to 8, Newry Avenue, Felixstowe, Suffolk. 
His telephone number is Felixstowe 788. 

Mr. L. CHapman, managing director of William 
Jessop & Sons. Limited, was re elected President of 
the Crucible Steel Maker's’ Association at the annual 
meeting in Sheffield last week. 

Mr. James S. Cunnincuam has been appointed 
managing director of Etna Tron & Steel Company, 
Limited. Motherwell, in succession to Mr. James 
Kerr, who has resigned owing to ill-health. 

ON THE occasion of his retirement, after 28 vears’ 
service with the British Aluminium Company, 
Limited, at Kinlochleven, Mr. Gordon Hepburn has 
been presented with a writing bureau from the staff 
and employees. 

Tue Lorp Presipent or tur Counci, of the 
partment of Scientific and Industrial Research 
appointed Prof. W. L. Bragg, O.B.E., F.R.S., 
present Langworthy Professor of Physics in 
University of Manchester, to be Director of 
National Physical Laboratory. 
assume duty during next autumn. 

Mr. F. IM. Anpey has been appointed by David 
Brown & Sons (Hudd.), Limited, Huddersfield. as 
district representative for the Eastern Counties. He 
has been in the firm’s employ at Huddersfield for 
nearly twenty years in various technical capacities, 
and has taken up residence at 42, Henley Road. 
Tpswich (telephone, Tpswich 3435). 

AMONGST THE CORONATION HONOURS there have been 
several conferred upon gentlemen connected with 
the foundry industry. Sir John Cadman, a mem- 
ber of the Council of the Devartment of Scientific 
and Industrial Research, and Sir John Siddeley, 
the motor-car pioneer, are now barons; Mr. P. M. 
Booth, a member of the Institute of British 
Foundrymen and a foundry owner, has been 
knighted; Mr. Robert F. “Dempster, divisional 
orgamser, Amalgamated Engineering Union, and 
Mr. A. H. Gibbard, general secretary, National 
Society of Brass and Metal Mechanics, have been 
created Members of the British Empire. 
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Company Reports 


International Nickel Company of Canada, Limited. 
—Dividend of 50c. a share on the common stock. 

Turner & Newall, Limited.—Half-yearly dividend 
on the 7 per cent. cumulative preference stock to 
March 31. 

Glenfield & Kennedy, Limited.—Final dividend of 
5 per cent., plus a bonus of 5 per cent., making 
15 per cent. 

Birmingham Small Arms Company, Limited.— 
Dividend for the six months ended January 31 last 
on the 5 per cent. cumulative ‘‘ A ’’ preference stock. 

British Oxygen Company, Limited.—Final divi- 
dend of 8 per cent. on the ordinary stock, making 
15 per cent. for the year 1936, and a free bonus 
of one share for every £15 ordinary stock held. 

Union Stee! Corporation (of South Africa), Limited. 
—Trading profit for 1936, £171,906; brought in, 
£23,336; net profit, after providing for directors’ 
additional remuneration and charging £43,724 for 
depreciation, £108,317; to general reserve, £50,000; 
and preference share dividends, 
£20,000; ordinary share dividend of 5 per cent., 
£30,000; carried forward, after writing back £788 
over-reserved in 1935, £32,400. 

Parkinson & Cowan, Limited.—Net profit for 1936, 
after making provision for redemption of debenture 
stock, debenture interest, income tax, depreciation, 
etc., £44,641; brought in, £21,163; preference divi- 
dend to September 30, 1935, £26,041; carried for- 
ward, £39,763. Dividend to preference shareholders 
for the half-year to March 31, 1936, has since been 
paid and a further year’s dividend will be paid on 
May 28, extinguishing all arrears. Meeting, May 28. 


Contracts Open 


Piymouth, May 29.—Electrically-operated 
cranes, for the Town Council. 
Engineer, Armada Street. 

Pretoria, May 28.—Two overhead electric travel- 
ling cranes, each having a maximum load capacity 
oi five English tons, for the Public Works Depart- 
ment. The Department of Overseas Trade. 
(Reference T.Y. 2,523.) 


jib 
The City Electrical 


Obituary 


Mr. Tuomas E. Basurorp, for many years accoun- 
tant and secretary of the British Chilled Roll & 
Engineering Company, Limited, Haverton Hill-on- 
Tees, has died, aged 54. Mr. Bashford was also 
treasurer for many years of the local Branch of 
the Institute of British Foundrymen. 


Silicate Inclusions in Cast tron 

P. P. Berg and N. V. Dmitriev, writing in 
** Liteynoye Dyelo,’’ deal with the origin and con- 
ditions of the formation of silicate inclusions in 
cast iron, and the. results of experiments on the 
influence of repeated remelting in the cupola are 
given. The variation of the structure, mechanical 
properties and fluidity of cast iron on repeated melt- 
ing has been investigated. From their results, the 
authors conclude that during the remelting of cast 
iron in the cupola, processes take place which are 
far more complex than the combustion of the 
elements, accompanied by their passage into the 
slag or into the escaping gases. During the remelt- 
ing of cast iron in the cupola, the increase in its 
gas content partly results in the formation of a 
finely dispersed solution of silica. When cast iron 
is repeatedly remelted in the cupola, ferro-alloys 
being added to keep the chemical composition 
constant, a slight increase in the tensile strength 
and bending strength is at first observed, together 
with a simultaneous increase in the deflection on 
bending. After attaining a certain maximum, the 
tensile strength and bending strength decrease, 
accompanied by a decrease in the deflection. Cast 
iron, when repeatedly remelted under these condi- 
tions, undergoes a continuous increase in hardness 
and a continuous decrease in fluidity. 
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Mould Explosion at Darlington 
Forge 


A verdict of ‘‘ Accidental death ’? was returned 
at the inquest at Darlington last Thursday on the 
three victims ef the explosion of a casting at the 
Darlington Forge on April 17, when molten steel 
was showered on a number of workmen. The three 
victims were Henry Crabtree, Frank Cooke, and ° 
James Morley. 

Frank Swift, manager of the foundry at the Forge. 
said they were casting a 38-ton sternframe of a ship. 
The casting proceeded normally and quietly when 
without warning an explosion occurred. He was 
surprised at the absence of warning, because during 
35 years’ experience in making the largest castings 
in the country there had always been warning given 
in some way or another when there was trouble. 

The Coroner read a report on the explosion 
prepared by an expert. The report stated it would 
appear that the primary cause of the accident was 
a weakness in the mould which might have been 
due to either (1) insufficient density in the mould, 
or (2) movement of moisture from the ground below 
the mould towards the face of the dried mould, i.e., 
** striking back.’’ Regarding (1) no direct evidence 
was available, and in regard to (2) it was evident 
that any moisture present had not reached the mould 
face. The evidence showed that the steel cast pro 
ceeded in a quiet, normal manner. 

The actual course of events appeared to have been 
that steel, escaping by reason of a fissure in the 
mould, came in contact with dampness in the ground 
beneath the mould. This generated steam, the 
presence of which extended the fissure, causing an 
increased leakage of metal. The penetration of 
liquid steel progressed very rapidly, causing a 
generation of steam, the pressure increasing until 
it was sufficient to force the metal out of the risers. 


Remedies Proposed 


It was proposed that in future when moulds were 
made in a pit directly on to the underlying earth, 
horizontal plates should be placed over the area 
covered by the mould, which would offer an im- 
permeable seal between the mould bed and under- 
lying earth and would stop any tendency for 
moisture to ‘ strike back ’’ from the layers below. 
In addition, if the steel did for some reason break 
through the bottom of the mould it would be stopped 
by the plates and would rapidly chill and solidify, 
so minimising the risk of further damage. Con- 
sideration would be given to the provision of pro- 
tective clothing for men engaged in foundry and 
casting operations and to the provision of platforms 
which would enable men engaged on a casting to 
jump clear to safety should anything untoward 
happen during casting. 


Company Meeting 


Manganese Bronze & Brass Company, Limited 


Presiding at the annual meeting of the Manganese 
Bronze & Brass Company Limited, Mr. J. C 
CotquHoun (chairman) said that the order-book 
increased by approximately 50 per cent. during the 
year. Turnover, however, could not increase at this 
rate without considerable sums of money being spent 
on expansion, because certain sections of the plant 
were already working nearly at capacity. Steps 
were being taken to increase output by modernisa- 
tion of methods and equipment. In most cases 
additional economies in production costs were ex- 
pected as well. At their Ipswich works there had 
been a substantial increase in the demand for ex- 
truded, rolled and forged bronzes and brass. They 
were essentially manufacturers of high-grade special 
bronzes rather than large volume producers of com- 
mercial brass. The old coke and producer gas-fired 
furnaces had been replaced by modern oil-fired and 
electric furnaces, and much had been done, including 
rearrangement of the departments, to reduce work- 
ing costs. 


Forthcoming Event 


Institute of British Foundrymen 
JUNE 8 ll. 
Thirty-fourth Annual Conference in Derby. 
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CHAPLETS STUDS 


FOR EVERY BRANCH OF FOUNDRY INDUSTRIES 


PERFORATED CHAPLETS. ALL SHAPES-—SIZES—AND THICKNESSES 


YLINDER CASTING 


SEND US YOUR ALSO 
ENQUIRIES. 
WE CAN QUOTE Po. 
DOOR CATCHES, HINGE 
Yo A i) 
TUBES & DOVE TAILS 
LARGE FOR THE GENERAL 
QUANTITIES STOVE & RANGE 
TRADES. 


USE PRECISION TOP HAT CHAPLETS. 


—PATENTEES— 
STUDS AND CHAPLETS aston cro. CLIMAX WORKS, estasiisHen CORE WIRES, PLAIN & 
FOR BETTER nm: COLESHILL STREET, 4974 
RESULTS. "ae BIRMINGHAM 4. & Erc. 


Supplied to any 
specification between 

limits of 2°00 and 3°50% 

~Carbon and °50% and 

3°50%, Silicon 

ACTUAL ANALYSIS 

CERTIFICATES ARE 


AVAILABLE WITH 
EACH DELIVERY 


@ Typical Cylinder Pig Iron Specification 


TOTAL CARBON- - 2:70% 
SLIGON. «= « 
MANGANESE - - -90% 
SULPHUR - - = = :06% 
PHOSPHORUS - - -40% 


TOTAL CARBON - = 2-60% 
SILICON - « « © 
MANGANESE - -50% 
SULPHUR - +05% 
2>HOSPHORUS - « ‘06% 
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Raw Material Markets 


The realignment of steel prices has been quite well 
received generally. Consumers fully appreciate that 
substantial increases were inevitable as a result of 
the rising costs of production, and they are likely 
to make every use of the facilities offered to enter 
into forward commitments. New business in the 
pig-iron market is still extremely difficult to trans- 
act, and there appears to be little prospect of any 
immediate relief in this respect. It is anticipated 
that the price of foundry iron will be raised 20s. 
per ton in the near future. Makers have full order- 
books extending over a long period, so that any 
change in price would not have any material effect 
at the present time. 


Pig-lron 


MIDDLESBROUGH. — Deliveries continue to be 
made ‘on the basis of last year’s business, and the 
tonnage is frequently below specifications. Con- 
sumers have no alternative but to take what is 
offered to them, but they have the consolation: of 
knowing that makers are rationing all available 
supplies as fairly as possible. Producers are doing 
all they can to keep consumers working. The 
outlook with regard to hematite is improved to the 
extent that users have now the opportunity to enter 
into forward business up to the end of the year, 
though at higher prices. Producers, however, are 
filling their books for the second half of the year 
with caution. East Coast mixed numbers are quoted 
at 122s. 6d. for delivery on the North-East Coast, 
128s. in Sheffield, and 133s. 6d. in the Midlands. 


LANCASHIRE. Pig-iron consumers in this area 
who rely solely on the deliveries to be obtained from 
the producers are not too happily placed, and users 
who have stocks from which to draw are to be 
envied. The position is all the more acute in view 
of the fact that consumers themselves are heavily 
booked. For delivery to users in the (Manchester 
district, West Coast mixed numbers are quoted at 
131s., with East Coast at 130s. 6d., subject to a 
rebate of 5s. per ton. Derbyshire and Staffordshire 
brands of No. 3 foundry iron are nominal at 89s., 
with Northants at 87s. 6d. and Derbyshire forge 
iron at 84s. to 86s., according to the class of con- 
sumer. 


MIDLANDS.—Business in foundry iron remains 
stagnant until an announcement with regard to prices 
is made by the Central Pig-iron Producers’ Associa- 
tion. No statement is expected from the C.P.1.P.A. 
for a week or two. Deliveries are behind schedule. 
Northants producers are likely to be willing to 
accept new orders for the July-September period 
as soon as the new prices are known, as they are 
not generally so heavily committed as the Derby- 
shire furnaces. The revised hematite prices have 
not contributed to the furtherance of trading as 
much as had been expected, although a fair ton- 
nage has been involved in recent transactions. For 
delivery to Birmingham and Black Country stations, 
West Coast mixed numbers are quoted at £6 14s. 6d., 
with East Coast No. 3 at £6 13s. 6d. An extra of 
Is. 6d. per ton is invoiced if delivery into works 
is stipulated. Low-phosphorus iron is quoted around 
£6 to £6 10s., with refined iron at a minimum of 
£7 15s. per ton. The tonnage available, however, 
is very small. 


SCOTLAND.—No. 3 foundry iron is now quoted 
at 113s. and No. 1 at 115s. 6d., f.o.t. furnaces. 
Little surprise was caused by the price increases. 
Consumers are well employed, but the lack of sup- 
plies is proving a handicap. Mixed numbers of 
hematite are quoted at 123s. and basic at 107s. 6d., 
both less 5s. rebate and delivered to the steelworks. 


Coke 


Although the official quotation for Durham coke 
delivered to the Birmingham district is unchanged 
at 46s. 6d., it is understood that some of the fur- 
maces are demanding higher prices and 50s. is 
mentioned. Welsh coke is quoted at from 47s. 6d. 
to 60s. per ton delivered Birmingham. Prices may 
go higher yet. The price of Durham foundry coke, 
based on Mid-Durham coking plants, is now 34s. 6d. 
f.o.r. ovens. Blast-furnace coke is 35s. delivered 


Middlesbrough furnaces. 


Steel 


All descriptions of steel products remain in heavy 
demand and consumers welcome the publication of 
the revised prices in so far that facilities are pro- 
vided for the extension of existing contracts. The 
advance is steep, but consumers appear to be con- 
cerned more with supplies than prices. Most pro- 
ducers have little enough to spare, as they are 
heavily committed over the remainder of the year. 


Scrap 


It is now about three months since the agreement 
for the control of the supply and price of home- 
collected scrap for the steel trade was first mooted, 
and there still remain some difficulties to be over- 
come. However, it is believed and hoped that the 
scheme will be in full working order at an early 
date. The remaining details should soon be cleared 
up. As soon as this has been done business in all 
areas will be more freely negotiable, and it is already 
reported from some districts that supplies are rather 
more plentiful. 


Metals 


in the non-ferrous metal markets con- 
tinues to be affected by the general uncertainty 
which has prevailed for several weeks past. At 
times there has been some evidence of better con- 
ditions, but the markets as a whole are unstable. 
The future trend of business is not easy to fore- 
cast. Much depends on the developments with re- 
gard to Mr. Chamberlain’s N.D.C. proposals. The 
London Metal Exchange was closed yesterday 
(Wednesday) in view of the Coronation. Only two 
official trading sessions remain before the Exchange 
again celebrates a holiday—this time the Whitsun- 
tide vacation. 

Copper.— Most consumers of this metal have no 
particular necessity tu enter the market for further 
supplies, as they are generally well covered. It 
would appear that the market is in for a quiet 
time, as business will inevitably be restricted this 
week as a result of the holidays, and the customary 
summer dulness of the market is due to develop in 
the near future. 

Metal Exchange quotations were as follow :— 

Cash.—Thursday, £60 to £60 5s.; Friday, 
£60 2s. 6d. to £60 5s.; Monday, £61 15s. to £62; 
Tuesday, £60 15s. to £61. 

Three Months.—Thursday, £56 17s. 6d. to £57; 
Friday, £56 17s. 6d. to £57; Monday, £58 7s. 6d. 
to £58 10s.; Tuesday, £57 7s. 6d. to £57 10s. 

Tin.—It is reported from New York that an 
agreement has been reached between the Bolivian 
Government and the mine operators by which the 
output of tin will be increased. Thirty-five per 
cent. of the receipts from exports will be delivered 
to the Government with a view to strengthening 
the foreign exchange position. Activity at the tin- 
plate mills in the United States continues to ex- 
pand, and the latest returns indicate that the mills 
are operating at around 105 per cent. of the stan- 
dard normal capacity. Stocks are substantial, and 
there is little reduction of these, in spite of heavy 
delivery specifications. Other tin-consuming indus- 
tries in the United States also are active, and the 
demand generally is on a good scale. It is suggested 
that some purchasers are delaying entering the 
market until a clearer view of the political and 
currency outlook is to be obtained. The world’s 
output of recoverable tin, according to the Ameri- 
can Bureau of Metal Statistics, was 17,664 tons in 
(March, as compared with 14,259 tons in February. 

Official quotations were as follow :— 

Cash.—Thursday, £249 10s. to £249 15s.: Friday, 
£249 to £249 5s.; Monday, £251 15s. to £252 5s. ; 
Tuesday, £247 15s. to £248. 

Three Months.—Thursday, £248 to £248 5s.; 
Friday, £247 to £247 10s.; Monday, £250 5s. to 
£250 10s.; Tuesday, £246 to £246 10s. 


Spelter.—There has been little abatement of the 
nervous tension in this market during the past week 
and the tone generally remains dull. Consuming 
plants are actively engaged, but they have displayed 
little buying interest. In the United States, the 
galvanising industry is an exception to the prevail- 
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ing featureless conditions. Sheet mills are working 
at around 76 per cent. of capacity, which is the 
highest level over the past three years. 

Daily market prices :— 


Ordinary.—Thursday, £23 2s. 6d.; Friday, 
£23 3s. 9d.; Monday, £23 lls. 3d.; Tuesday, 
£22 18s. 9d. 


Lead.—World’s output of lead in March was 
146,700 short tons, according to the American 
Bureau of Metal Statistics, as compared with 133,400 
tons in February. The foregoing figures exclude any 
Italian or Spanish production. Consumption has 
been wel] maintained, but the market is quiet and 
receives little support. Although the existing man- 
agements will continue to supervise operations, the 
Spanish Government has provisionally taken over 
the lead mines in the province of Jaen. Advices 
seem to indicate that the Government will merely 
keep a parental interest in the mines, and it is 
unlikely that any radical changes will be made. At 
the annual meeting of the Rio Tinto Company, 
whose mines are in insurgent territory, Sir Aucxland 
Geddes said that the system of control over the 
company’s business had made it impossible to make 
profits out of operations in Spain. 

Day-to-day quotations :— 

Soft Foreign (Prompt).—Thursday, £24 ls. 3d.; 
Friday, £24 1s. 3d.; Monday, £24 10s.; Tuesday, 


£22 10s. 


Mineral Wealth of the Empire 


‘*The Mineral Position of the British Empire,” 
recently published by the Imperial Institute, South 
Kensington, London, S.W.7, at the price of 
4s., constitutes a comprehensive survey of the 
Empire’s mineral wealth. The book reveals that 
ol remains the chief mineral asset of the Empire, 
and, during the year 1935, which is the period under 
review, accounted for 42.7 per cent. of the value 
of the Empire’s mineral output. Other figures for 
the same year are 30 per cent. gold, 3.2 per cent. 
each for tin ore and copper ore, 3.3 per cent. silver, 
lead and zinc ores, and 1.8 per cent. iron ore. 
The book also gives some interesting statistics 
regarding the percentage of the world’s output of 
minerals produced in the British Empire. Eighty- 
six per cent. of the world’s output of nickel ore 
was produced by the Empire, while other details 
are as follow:—Gold, 58.3 per cent.; tin ore, 43.9; 
lead ore, 40.0; chrome ore, 31.3; manganese ore, 
30.0; zinc ore, 29.5: copper ore, 28.1; and iron 
ore, 12.8 per cent. Enormous reserves of iron are 
contained within the Empire. while the outlook as 
regards supplies of base metals, in addition to the 
iron-alloy metals, must be considered as promising. 


Mr. Epwarp R. Rocers has retired after Sfty 
years’ service with George Salter & Company, 
Limited, brass and iron founders, of West Brom- 
wich. Mr. Rogers joined the firm in April, 1887. 
Sixteen years ago he was appointed senior works 
manager—the position he occupied until his retire- 
ment. 


WHEN THINKING OF 


SANDBLAST 


THINK OF 


RICHARDSON’S 


Established 1887. 
We Supply Re-Conditioned & New 


SAND BLAST PLANTS 


AND 


AIR COMPRESSORS. 


Tilghman’s, Room, Barrel, Chamber, 
Rotary Table, Dust Arrester, and 


Continuous Feed Barrel Plants. 


Phone: MIDLAND 2281. 
Grams: “SANDSLAST, B’HAM.” 


R. J. RICHARDSON & SONS, Ltd., 


Commercial Street, Birmingham. 
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For “easy stripping” use 


YORKSHIRE SAND 


Yorkshire Sand is of a synthetic nature, its . 
production being under careful laboratory 
control. Perfect standardization is obtained 
with the various grades, suitable for light and 
the heaviest steel castings. 


It is because of the refractoriness of the sand 
and of the toughness of the mould surface that 
castings made with Yorkshire Sand are dis- 
tinguishable by their excellent finish. 


Telephone : 


Telephone: Temple Bar 7361. 


SCOTTISH OFFICE: 
48, bee Regent Street, 


lasgow hester, 2 
Telephone: 3009 Telephone: Bla 
Telegrams: Telegrams: 
** Genefax, Glasgow.”’ ** Genefax, Manchester.’’ 
(Mr. C. A. G. Thomson.) (Mr. S. G. Throssell.) 


Please address all enquiries to the nearest Sales Office : 


GENERAL REFRACTORIES LTD., 


Genefax House, Sheffield 


Sheffield 31113 (6 lines). 


Telegrams : 
Genefax, Sheffield.” 


LONDON OFFICE: Russell House, Adelphi, W.C.2. 


Telegrams: ‘‘Genefax, Rand-London.’’ Mr. A. C. Turner. 
MANCHESTER OFFICE: 


SWANSEA OFFICE : CARDIFF OFFICE: 
Metropole Chambers, 17, Windsor Place, 
Wind Street, Swansea. Cardiff. 
Telephone: 3680. Telephone: 5796. 
Telegrams: Telegrams: 
** Genefax, Swansea.’’ ** Genefax, Cardiff.’’ 
(Mr. D. Hood-Williams.) (Mr. F. E. Rutter.) 


MIDDLESBROUGH OFFICE: Halifax Buildings, Exchange Place. 


Telephone : Middlesbrough 3313. 


Telegrams: ‘‘Genefax, Middlesbrough.’ 


Read what an 
IMPORTANT 
STEELFOUNDER 
says :— 


“During the 40 years I have 
been connected with Steel 
Foundry work, considerable 
changes have taken place. 
Away back, we had Steel 
Moulders’ Composition, Old 
Crucible Pots, etc., and each 
works claimed to have its 
own ‘secret’ moulding com- 
position. High Silica Sand 
has eliminated practically all 
these from many foundries 
and to-day we have your 
‘Yorkshire Sand’ which acts 
almost like a chill, and leaves 
the skin of the casting blue- 
black and as clean as cast 


iron. 


The hot steel lies quietly 
against the wall of sand, and 
often when the casting has 
been lifted out of the mould, 
the latter looks as if it could 
be used over again, just like 
a permanent mould.” 
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COPPER 
Standard cash 6015 0 
Three months 57 7 6 
Electrolytic 63 lu 0 
Tough 6215 0 
Best selected 63 5 0 
Sheets 0 0 
India 7665 0 
Wire bars 64 10 0 
Ingot bars 6410 0 
H.C. wire rods : 68 0 0 
Off. av. cash, Apr. . 6212 14 
Do., 3 mths., Apr. - 6018 62} 
Do., Sttlmnt., Apr. 6211 84 
Do., Electro, Apr . 6710 8, 
Do., B.9., Apr. . . 6714 2 
Do., wire bars, Apr . 68 9 1A 
Solid drawn tubes 144d. 
Brazed tubes 14}d 
ire 103d. 
BRASS 
Solid drawn tubes 
Brazed tubes .. 143d. 
Rods, drawn 
Rods, extd. or rlld. 
Sheets to 10 w.g. 104d. 
Rolled metal -. 
Yellow metal rods. . -. 
TIN 
Standard cash. .. 24715 
Three months Pe .. 246 0 0 
English... ac .. 248 0 0 
Bars. . oe ait 250 0 0 
Straits -. 249 0 
Eastern... .. 246 5 
Off. av. cash, Apr. .. 267 8 77, 
Do., 3 mths., Apr. -. 264 4 10,7, 
Do., Sttlmt., Apr. .- 267 7 114, 
SPELTER 
Ordinary .. .. .. 2213 9 
Electro 99. 9 © 
India 20 0 0 
Zinc ashes .. jae 
Off. aver., Apr... 6 5 
Aver. spot, Apr. .. -. 2 4 34 
LEAD 
Soft foreign, ppt. .. s. 23:10 0 
Empire (nom.) .. -- 2% 6 
English... -- 2510 0 
Off. aver., Apr. 25 18 LA 
Aver. spot, Apr. 26 0 33, 
ALUMINIUM 
Ingots £100 to £105 
Wire a ry 1/3 to 1/4 lb. 
Sheet and foil rr 1/2 to 1/4 Ib. 


ZINC SHEETS, &c. 
Zinc sheets, English 3610 Oto37 0 0 
Do.,V.M. 10 Oto37 0 0 
Rods 31 00 


ANTIMONY 

-- 8 0 0 to 8 0 0 
Chinese, ex-whse. .. « 11 
Crude, c.i.f... 37 00 


QUICKSILVER 


FERRO-ALLOYS AND 
STEEL-MAKING METALS 

Ferro-silicon— 

25% 13.0 0O(nom.) 

45 /50% 10 15 Otol2 0 O(nom.) 

75% 1515 Otol7 0 0O(nom.) 
erro-vanadium— 
“35/50% .. 


12/8 lb. Va 
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RAW MATERIALS—PRICE LIST 
(Tuesday, May I!, 1937) 


Ferro-molybdenum— 


70/75% carbon-free 4/9 Ib. Mo. 
Ferro-titanium— 
20/25% carbon-free ® 9d. Ib. 


Ferro-phosphorus, 20 /25% £21 to £22 
Ferro-tungsten— 


80/85% .5/- Ib. (nom.) 
Tungsten. metal powder— 

98/99% .. . .5/3 Ib. (nom.) 
Ferro-chrome— 

2/4% car. 8217 6 

4/6% car. ie: .- 2210 0 

Ferro-chrome— 

Max. 2% car. .. -. 3210 0 

Max. 1% car. .. 38515 0 

Max. 0.5% car... -- 3:10 0 

70% carbon-free 93d. Ib. 
Nickel—99.5/100% £180 to £185 
“F” nickel shot .. ..£165 0 0 
Ferro-cobalt, 98/99% .. 7/3 lb. 
Metallic chromium— 

96/98% .. 2/5 Ib. 
Ferro-manganese— 

76/80% loose £1615 Otol7 5 0 

76 /80% packed £17 15 OtolS 5 

76/80% export .. £20 0 0 
Metallic manganese— 

94/96% carbon-free .. 1/3 Ib. 
Per ton unless otherwise stated, 
basis 2-ton lots. 
HIGH-SPEED TOOL STEEL 
Finished bars, 14% tungsten 2s. 7d. 
Finished bars, 18% tungsten 3s. 6d. 
Per lb. net, d/d buyers’ works. 

Extras— 
Rounds and am, 3 in. 
and over 4d. Ib. 
Rounds and squares under 
. 3d. Ib. 
Do., under } in. to 3, in. 1/- lb. 
Flats, 4 in. X } in. to under 
lin. x ¢ in. 3d. Ib. 
Do., under in. x din. -» Ib. 
Bevels of approved sizes 
and sections 6d. Ib. 
Bars cut to length, 10% extra. 
SCRAP 
South Wales— £28. d. 
Heavy steel 3 8 O0to3 10 0 
Mixed iron and 
steel 3 5 Oto3 7 6 
Heavy castiron 3 8 Ot03 10 0 
Good machinery 315 Oto4 0 0 
Cleveland— 
Heavy steel 
Steel turnings 212 6 
Heavy cast iron 45 0 
Heavy machinery 
Midlands— 
Short heavy steel 315 0 
Light cast-iron 
scrap 310 0 
Heavy wrought 
iron ‘ 317 6to4 2 6 
Steel turnings 2 2 6to2 5 0 
Scotland— 
Heavy steel .. 3 4 6to3 7 0 
Ordinary castiron 4 7 6to410 0 
Cast-iron borings 2 0 Oto2 2 6 
Wrot-iron piling 4 2 6to4 5 0 
Heavy machinery .. .. 412 6 


London—Merchants’ buying prices, 


delivered yard 
Copper (clean) +, 0.0 
Brass 
Lead (less usual draft) ¢ 
Zinc 15 0 0 
New aluminium cuttings . 74 0 0 
Braziery copper .. 
Hollow pewter... -. 160 0 0 
Shaped black pewter -. 115 0 0 


PIG-IRON 
N.E. Coast (d/d Tees-side area)— 
Foundry No.1... 83/6 
81/- 
” No. 4 ee 80/- 
Forge No. 4 oe ae 80/- 
Hematite No.1 .. 123 /-* 
Hematite M/Nos. .. 122 /6* 
N.W. Coast— 
Hem. M/Nos. d/d Glas. 123 /-* 
» d/d Birm. 134 /6* 


Malleable iron d/d ‘Birm. .. — 


Midlands (d/d Birmingham dist.)— 


Staffs No. 4 forge .. a 83 /- 
» No.3 fdry. .. wit 86/- 
Northants forge .. 80/6 
86/6 
| forge 83 /- 
fdry. No.3 .. 86 /- 
fdry. No.1 .. 89/- 
Scotland— 
Foundry, No. 1, f.o.t. 115/6 
nO. .. 113/- 
Cleveland No. 3, Glasgow 87/- 
Falkirk .. 84/- 
Scottish hem. M [Nos. d/d.. 123 /-* 
Sheffield (d/d district)— 
Derby forge ain 80/6 
»  fdry. No. 3. 83/6 
Lines forge a 80/6 
»  fdry. No. 3. 83/6 
W.C. hematite os 128 /6* 
Lancashire (d/d eq. Man.)— 
Derby fdry. No. 3 oa 89/- 
Staffs fdry. No.3 .. 89 /- 
Northants fdry. No.3... 87/6 
Cleveland fdry. No.3... 89 /- 
Glengarnock, No. 3 
Clyde, No. 3 


Monkland, No.3 .. ‘ — 
Summerlee, No. 3 
Eglinton, No.3 .. 
Gartsherrie, No. 3 — 
Shctts, No. 3 


* Subject to a rebate of 53. per ton under 
certain conditions. 


FINISHED IRON AND STEEL 
Usual district deliveries for iron ; delivered 
consumer's station for steel. 


[A rebate of 15/- per ton for steel sections, 
plates and joists is obtainable in the home 
trade under certain conditions.] 


Iron— Sa £4 
Bars (er.) .. 
Nut and bolt iron 10 5 0tol0 15 0 
Hoops - 1215 0 
Marked bars (Staffs) f.o. t. 147 6 
Gas strip .. 1215 0 


Bolts and nuts, } i in. x 4 in. 
17 10 and up. 


Steel— 

Plates, ship, etc.11 8 Otoll 10 6 
Boiler plts 1118 Otol2 0 6 
Chequer plts. ee 13 0 6 
Joists 
Rounds and squares, 3 in. 

to 54 in. .. 12 0 6 
Rounds under 3 in. to $i in. 

( Untested) ll 9 0 
Flats—8 in. wide and over 11 5 6 
», under 8 in. and over 5in. 11 10 6 
Fishplates .. wh o> 2 6 
Hoops (Staffs) : 12 4 0 
Black sheets, 24g. (4-t. lots) 1515 0 
Galv. cor.shts. ( , ) 1910 0 
Galv. flatshts. ( , ) 20 0 0 
Galv. fencing wire, 8g. plain 17.10 0 
Billets, soft, 100-ton lots.. 7 17 °6 
Sheet bars .. asia, 
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PHOSPHOR BRONZE 


Per Ib, basis 
Strip .. ie 133d. 
Sheet to 10 w. 144d. 
Wire 154d. 
Rods .. 15}d. 
Tubes .. 203d 
Castings 16d 


Delivery 3 cwt. free. 

10%, phos. cop. £33 above B.S. 
15% phos. cop £38 above B.S. 
Phosphor tin (5%) £30 above 
price of English ingots. 


. Currrorp & Son, 
NICKEL SILVER, &c. 
Per Ib. 
Ingots for raising 9d. to 1/3 
Rolled— 
To 9 in. wide 1/3 to1/9 
To 12 in. wide 1/3} to 1/9} 
To 15 in. wide 1/3} to 1/93 
To 18 in. wide 1/4 to 1/10 
To 21 in. wide 1/4$ to 1/103 
To 25 in. wide 1/5 tol/1l 


Ingots for spoons and forks 9d. to 1/54 
Ingots rolled to spoon size 1/- to 1/84 
Wire round— 
to 10g. 1/6} to 2/1} 
with extras according to gauge. 
Special 5ths quality turning rods in 
straight lengths, 1/54 upwards. 


AMERICAN IRON AND STEEL 
At Pittsburgh unless otherwise stated. 


Is. 
No. 2 foundry, Phila. .. -. 25.76 
No. 2 foundry, Valley .. -. 24.00 
No. 2 foundry, Birm. .. -. 20.38 
Basic, Valley . 23.60 
Malleable, Valley” -. 24.00 
Grey forge, Valley 4 .. 23.50 
Ferro-mang. 80%, seaboard .. 95.00 
O.-h. rails, ny, at mill 42.50 
Billets .. ‘ oo 
Sheet bars .. 37.00 
Wire rods -. 47.00 
Cents. 
Iron bars, Chicago 2-40 
Steel bars : 2.45 
Tank plates 2.25 
Beams, etc. 2.15 
Skelp, grooved steel 2.10 
Steel hoops 2.40 
Sheets, black, No. 24 2.40 
Sheets, galv., No. 24 3.80 
Wire nails 2.75 
Plain wire 2.90 
Barbed wire, galv. 
Tinplates, 100-lb box .. -. $5.35 
COKE (at ovens) 
Welsh foundry .. 32/6 to 37/6 
» furnace vid to 28/- 
Durham foundry 34/6 
TINPLATES 


f.o.b. Bristol Channel ports. 
I.C. cokes 20x14 per box 24/6 to 25/6 


28x20. 49/- to 51/- 
20x10 34/6 to 35/6 
183x114 ,, 24/9 to 25/9 
C.W. 20x14 22/- to 23/- 
a 28x30 45/- to 46/6 
20x10 31/- to 32/6 
183x114 23/- to 25,- 
SWEDISH CHARCOAL IRON & STEEL 
Pig-iron .. £12 0 Oto£l3 0 0 
Bars-hammered, 
basis £20 0 Oto£21 0 0 
Bars and nail- 
rods, rolled, 
basis -- £19 0 O0to£20 0 0 
Blooms £16 0 Oto£l7 O 
Keg steel .. £27 0 Oto £30 0 0 
Faggot steel £20 0 Oto £25 0 0 
Bars’ and rods 
dead soft st’] £19 0to£20 0 0 


All per English ton, * o.b. Gothenburg. 
[Subject to an exchange basis of 
Kr. 19.39 to £1.] 


1 
1 
] 
] 
1 


} 


937 


Ib. 
0 1/3 


0 1/9 
1/9} 
70 1/94 
01/10 
o 1/104 
o 1/11 
to 1/54 
to 1/84 
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Standard Tin (cash) 


DAILY FLUCT pte ny Spelter (ordinary) Lead (soft foreign, prompt) 
- a, May 6 .. 24919 Oinc. 10/- May 6 .. 23 2 6 inc 2/6 Ma 6 24 1 3 ine 3/9 
May 6 60 0 Oine. 10/- ce 7 .. 249 0 0 dec. 10/- Fe aia «A. 1/3 tg 7 24 1 3 No change 
7 026 ,, 2/6 10 .. 25115 Oine. 55/- = 7/6 10. 24 10 O ine. 8/9 
61 32/6 ll .. 24715 Odec. 80/- ll .. 2213 9 dec. 17/6 1l .. 2310 Odec. 20/- 
.. 6015 Odec. 20/- 
Electrolytic Copper Tin (English ingots) Spelter (Electro, 99.9 per cent.) Lead (English) 
£ 68d 4. £ os. d. « & 
May 6 .. 63 0 O No change May 6 .. 249 15 0 ine. 10/- May 6 .. 2515 0 ine. 2/6 May 6 26 0 O No change 
7 7 .. 249 5 Odec. 10/- 7 2/6 7 3088 
10 64 0 Oine. 20/- 10 .. 252 Oine. 55/- 10 8 7/6 10 .. 2610 Oine. 10/- 
ll .. 6310 Odec. 10/- 1l .. 248 0 Odec. 80/- ll .. 7 @dec. 17/6 ll 2510 Odec. 20/- 
AVERAGE MONTHLY PRICES OF IRON HOOPS. 
Year Jan. Feb. March April May June July Aug. | Sept. | Oct Nov. Dec. ps ol 
£8. d. £ d. £s. d. £s. d. £s. 4, £s. d. £s. d. Ze. 4, £s. d. £8. d. £ 3. £ d. 
1901 9 2 6 8 2 6 8 2 6 712 6 712 6 712° 6 73 6 72 6 726 ; 2 © , & ¢ 72 6 713 2 
1902 72 6 7; 726 7 26 72 6 72 6 7 2 6 7 2 6 7 2 6 7.3 86 
1903 2 © 72 6 7236 73 6 726 726 73 6 72 6 72 6 72 6 7 2 6 723 6 72 0 
1904 e 7 2 6 726 726 73 6 72 6 72 6 73 6 7 = «© 726 7 2 6 726 7 2 6 7 2 6 
1905 617 6 70 0 700 7 0 6 700 700 73 6 726 70 0 77 6 7 2 OF 
1906 710 0 717 6 715 0 715 0 715 0 715 0 715 0 715 0 715 0 715 0 715 0 8 7 6 715 1% 
1907 8? 6 8 7 6 ey @ 8 7 0 8 7 6 8 7 6 810 0 8 lv 0 810 0 8 56 0 8 56 0 8 00 871 
1908 8 0 0 710 0 710 0 710 6 710 0 710 0 710 0 700 700 700 7, @-@ 70 0 768 
1909 700 700 700 700 7 @& © 700 700 700 700 700 70 0 700 700 
191lu 7 1103 763 77 6 7 77 6 763 760 76 0 765 
1911 7 56 0 7 5 0 7 5 0 7 5 6 750 7 6 0 7 6 w 78 9 710 0 710 0 762 
1912 712 6 712 6 712 6 715 0 715 0 8 26 8 2 6 8 2 6 812 6 812 6 812 6 815 0 8 28 
1913 817 6 817 6 817 6 817 0 817 6 817 6 817 6 8 7 6 8 7 6 8 7 6 8 7 6 717 6 812 6 
1914 717 6 717 6 717 6 713 9 712 6 712 6 712 6 9 2 6 9 2 6 9 2 6 9 2 6 926 8 6 42 
1915 9 3 6 918 1 10 7 6 10 16 6 1017 6 13 2 6 13 2 6 18 2 6 13 7 6 142 6 15 2 6 1518 6 1210 1 
1916 17 2 6 17 2 6 17 2 6 17 6 3 17 7 6 17 7 6 17 7 6 17 7 6 17 7 6 ee. 17 7 6 17 7 6 17 6 } 
1917 17 2 6 17 2 6 17 2 6 17 2 6 17 3 6 17 2 6 ” =e 17 2 6 17 2 6 17 2 6 17 26 17 2 6 Be. 
1918 17 2 6 17 2 6 17 32 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 17 2 6 
1919 17 2 6 17 2 6 17 2 6 17 2 6 24 6 38 266 «3 246 38 25 9 O 26 7 6 26 7 6 26 7 6 2617 4 2214 9 
1920 28 00 28 12 6 33 15 0 35 6&6 0 35 15 10 38 17 6 38 17 6 38 17 6 38 17 6 38 17 6 38617 6 8617 6 4 «(8 
1921 29 1 3 23 5 O 2112 6 20 0 0 20 0 0 20 0 0 17 5 O 15 0 0 14640 138 15 0 1310 0 1218 0 17 610 
1922 ° 166 O 1513 9 1400 1400 1400 1400 14 0 0 4600 1400 14600 1400 400 13 4 6 
1923 14600 15 0 0 15 0 0 15 00 15 6 O 15 0 0 15 0 0 15 0 0 15 0 0 15 00 1416 0 14156 0 1418 3 
1924 1415 0 1415 0 1415 0 1415 0 1415 0 1413 9 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1412 4 
1925 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 © 
1926 1410 O 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 
1927 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1410 0 1210 0 1210 0 143 4 
1928 1210 0 12 7 6 12 00 1113 6 1115 0 1112 6 1110 0 1110 0 1110 0 1110 0 1110 0 1110 0 11 14 103 
1929 1110 0 1110 1110 1110 0 11 9 11 5 O 11 5 O 11 56 11 56 11 2 0 11 11 0 O 11 4511 
1930 11 0 0 11 0 0 a 68 1016 3 1015 1015 O 1015 O 1015 O 1015 0O 10 15 1015 0 1015 1016 4% 
1931 1015 O 1015 0 1015 0 1010 O ‘10 10 O 10 10 O 1010 O 1010 0 1010 O 1010 0 10 10 O 1010 « 1011 3 
1932 10 10 O 10 10 O 10 10 O 10 10 0 1010 0 10 10 0 1010 0 1010 0 1010 O 1010 0 1010 0 10 10 O 1010 0 
1933 1010 0 1010 0 1010 0 1010 0 10 10 0 1010 0 1010 0 1010 0 1010 0 10 10 0 1010 0 1010 0 1010 0 
1934 1010 0 10 10 0 1010 0 10 10 0 10 10 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 
1935 1010 0 1010 O 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 1010 0 
1936 10 lv 0 10 12 6 11 0 0 11 0 0 ll 0 a 8 8 11 0 0 11 3 9 ll 7 6 a ll 7 6 11 7 6 11 1 43 
1937 Te 11 7 6 1215 0 1215 0 om pon 


WILLIAM JACKS COMPANY, 


WINCHESTER HOUSE, OLD BROAD ST., LONDON, E.C.2._ 


PAT 


WILLIAM JACKS 


CENTRAL CHAMBERS, 


PIG 


CLARENCE CHAMBERS, 39, CORPORATION STREET, BIRMINGHAM. 
13, RUMFORD STREET, LIVERPOOL. 


IRON 


FOR EVERY TYPE OF CASTING 


NON-FERROUS METALS 


REFRACTORIES — COKE — SAND 
FERRO-SILICON—FERRO-CHROME 


, HOPE ST., GLASGOW, 


OMPANY, 


ZETLAND ROAD, 
MIDDLESBROUGH. 
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Notice 


Small Advertisements in this section of the 
Journal are accepted at the prepaid Fate 
of 6d. per line, first line in capitals 
counting two, average 6 words per line. 
Minimum e for one insertion 3 - 


‘A itt h ld oce 


y instructions., 


SITUATIONS VACANT AND WANTED 


T° any foundry in need of real live wire, 
Foreman offers his services. Age 32. Ex- 
perienced high-class engineering, jobbing, repe- 
tition, moulding machines, sandslinger. High- 
duty ordinary cast irons. Guaranteed to get 
results.—Box 374, Offices of THe Founpry 
Trape Journat, 49, Wellington Street, 
Strand, London, W.C.2. 


ANTED.—A position of responsibility, 
either Foundry Manager or Superinten- 
dent. Absolutely capable of taking full control. 
Age 49. Salary £600-£750.—Apply Box 364, 
Offices of Tue Founpry JOURNAL, 
49, Wellington Street, Strand, London, W.C.2. 


HE Advertisers under Box 350 in THE 

Founpry Trape Journat of April 22, 
wish to thank the many applicants, and to 
state the appointment is now filled. 


QIOREMAN required for Bronze Foundry in 

South England. Write stating experience 
and salary required.—Box 378, Offices of THE 
Founpry Trape Journar, 49, Wellington 
Street, Strand, London, W.C.2. 


OREMAN wanted for small modern job- 
bing foundry in London. General iron 
castings and some non-ferrous work. Apply 
stating age, experience, and wages expected.— 
Box 376, Offices of Tue Founpry Trapre 


JourRNAL, 49, Wellington Street, Strand, London, 


W.C.2. 
WANTED immediately for South Wales 


area, Representative with established 
foundry connection, to handle insulating bricks, 
special and ordinary refractories, and new pro- 
ducts in course of production. State whether 
stocking facilities available-——Box 370, Offices 
of THe Founpry Trape Journat, 49, 
Wellington Street, Strand, London, W.C.2. 


NOTICE 
SPECIAL ANNOUNCEMENT. 


HE Council of the Lancashire Branch of 
the Institute of British Foundrymen have 
been offered an opportunity of commemorating 
the Coronation of His Majesty King George V1, 
and of promoting the interests of the Institute. 
by organising a Competition, open to the whole 
of the British Isles, for :— 
(1) An original practical Paper upon Modern 
Ferrous Foundry Practice. 
(2) An original practical Paper upon Modern 
Non-Ferrous Foundry Practice. 

First prizes to the value of £12 are offered for 
the Papers adjudged to be the best submitted 
in each of the sections. 

Prizes to the value of £2 are to be awarded 
for the Papers adjudged to be second in order 
of merit in each section. 

The Papers, accompanied by sketches and or 
photographs (not slides) should be forwarded 
by August 31, 1937, to Messrs. Webb & Hall. 
90, Deansgate, Manchester. A _ separate slip, 
bearing the name and address of the Author, 
should be attached. 

Messrs. Webb & Hall have kindly consented 
to detach the slip and substitute a number 
before passing the Papers to the three gentle- 
men who will act as independent judges. The 
announcement, of the result will be made before 
October 31, 1937. 

The successful competitors will be invited to 
read their Papers at meetings of the Lancashire 
Branch held on the evenings of Friday, Decem- 
ber 3, 1937, and Friday, February 18, 1938. 
The Papers will be retained by the Lancashire 
Branch until those dates, after which they will 
be returned to the Authors. Competitors 
awarded second place in each section will be 
invited to read their Papers at the Annual 
General Meeting of the Lancashire Branch on 
Saturday, April 2, 1938. 


AGENCY 


MACHINERY—Continued 


RR for Ireland, Agent to handle 
raw materials for foundries. Established 
connection essential. Splendid prospects for 
suitable applicant. Commission basis or mer- 
chant stockholding terms Urgent.—Box 368, 
Offices of THe Founpry Trape Journat, 49, 
Wellington Street, Strand, London, W.C.2. 


BUSINESSES FOR SALE 


LD-ESTABLISHED Iron Foundry for Sale 

as a going concern, in Manchester. Capa- 

city about 20 tons per week.—Box 366, Offices 

of THe Founpry Trave Journat, 49, 
Wellington Street, Strand, London, W.C.2. 


RON FOUNDRY, London District. Capa- 

city 10 tons or more per week. Practically 

as going concern. Immediate occupation. For 

particulars apply: Box 382, Offices of THE 

Founpry Trade Journat, 49, Wellington 
Street, Strand, London, W.C.2. 


MACHINERY 


AND MIXERS AND AERATORS.—The 
‘* Breakir ’’ Centrifugal Machine is THE 
machine. Outputs 10 cwts. to 8 tons per hr.— 
W. Breatey & Co., Lrp., Station Works, 
Ecclesfield, Sheffield. 


NEW Dwarf Cupola, to melt 10 to 15 cwts. 
per hr. New Worm-geared Ladles, 5 tons, 
25 cwts., 15 cwts. and 10 cwts. capacity. 
Ungeared Ladles, 15 cwts. and 10 cwts. 
capacity. Improved Cupola Spark Arresters.— 
T. Davies & Son, West Gorton, Manchester. 


66 ONCEROY ” Hydraulic Moulding Ma- 

chine D.F.4 double-sided plate. Com- 
pressor and receiver. Hydraulic pump and 
accumulator. £70 on site—Epwarp Lucas & 
Son, Lrp., Dronfield, near Sheffield. 


BLECTRIC CUPOLA BLOWERS (large 

stock), including two 50-h.p. 3/50/400 
volts, 2,900 r.p.m.; Keith Blackman; 12-in. 
outlet. 

30-h.p. ditto; 12-in. outlet. 

5-h.p. ditto; 6-in, outlet. 

20-h.p. 460 volts d.c., 2,400/1,900 r.p.m. ; 
10-in. outlet. 

EXHAUST FANS (large stock), electrical 
and belt driven. 

ELECTRIC RUNWAY LIFTING 

BLOCKS : 

One 4-ton 460 volts d.c., Vaughan. 

. Two 2-ton ditto, Morris. 

One }$-ton 220 volts d.c., Morris (as new). 

One $-ton 3/50/440 volts, Aabacas. 

Two Reavell Rotary Compressors, 12 Ibs. 
sq. in, pressure; 750 cub. ft. direct-coupled on 
bedplate to 60 h.p. S.R., 3/50/4006 volts motor. 

$-cwt. Pilkington Self-contained Pneumatic 
Hammer. 

Geared Foundry Ladles, 9, 4, 34, 24 and 
1 ton, ete. 

AIR COMPRESSORS: 30 in stock in sizes 
500 to 20 cub. ft. 

ELECTRIC MOTORS: Large stock to suit 

almost all electric systems. 


S. C. BILSBY, A.M.1.c.£., A.M.LE.E. 


CROSSWELLS ROAD (Adjoining Railway 
Crossing), LANGLEY, Nr. Birmingham. 
*Phone: Broadwell 1359. 


THO* W. WARD LTD. 


6-ton ‘Clayton’ TIPPING STEAM 
WAGON ; 200 Ibs. w.p. 

Large stock flat-ended CIRC. BOILER 
STORAGE TANKS. 

New O.T. self-colour CISTERNS; 4’ x 4’ x 
4’; 400 galls. 

75° STEEL SOCKETED PIPING; 24” dia. 
in 25’ iengths. 

Write for “ Albion” Catalogue. 
*Grams: Forward.” ’Phone: 23001 (10 lines). 
ALBION WORKS, SHEFFIELD. 


MOULDING Machines (2) for making cogs 

in straight or helical. Capacity 15 ft. dia. 
by 15 in. deep, and 4 ft. dia. by 8 in. deep. 
Excellent machines. For particulars apply : 
Box 380, Offices of THe Founpry TRapeE 
JOURNAL, 49, Wellington Street, Strand, 
London, W.C.2. 


*Phone 98 Staines. 


ILGHMAN Twin Vert. B.D. Compressor, 
180 c.f. at 100 lbs. 
Vertical Boiler, 9 ft. by 4 ft., 80 lbs. w.p. 
Air Receiver, 11 ft. by 5 ft. 
Sturtevant B.D. Fan, 7 in. delivery. 
HARRY H. GARDAM & CO., LTD., 
STAINES. 


450°: ft. Electrically-driven Air Com- 
‘ pressor. Holman, 75-h.p. a.c. motor, 
400 volts, 3-phase, 50 cycles, and starter. 
350-cub. ft. Ditto; 60-h.p. motor, 400 volts, 
3-phase, 50 cycles, and starter. 
1,009-cub. ft. Ditto; by Belliss & Morcom, 
185-h.p. motor, 500 volts d.c., and starter. 
From our own stock. 
CHARLES JONES, 
Birch Lane, Aldridge, near Birmingham. 


MISCELLANEOUS 


ATTERN MAKING of all descriptions. 

Specialists in snap-flask timbers.—TuHE 
Beprorp Pattern Maxine Co., Ampthill Road, 
Bedford. ’Phone: 2895. 


GENUINE Southport Wind Blown Sand, 
which makes best oil-sand cores. Prompt 
deliveries by road into works. 


JOHN LIVESEY, 
Sanp MercuHant, 
SOUTHPORT. 


LUIDITY TESTS.—Patterns for these tests 
as described in F.T.J. of September 24 by 
Carl F. Joseph. Made in aluminium from our 
master pattern. 35s. per set. We shall also be 
glad to have your inquiries for patterns in 
hard or soft woods for all kinds of engineering, 
large and small.—Furmston & Law tor, Pattern 
Makers, Letchworth. 


PUBLICATION 


R YLAND’S DIRECTORY of the Coal, Iron. 

Steel, Tinplate, Metal, Engineering, Hard- 
ware and Allied Trades. 1936 edition com- 
pletely out of print. Next edition 1938. Price 
42s. cloth bound. Order your copy now.— 
INDUSTRIAL Newspapers. Liurtrep, 49, Welling- 
ton Street, Strand, London, W.C.2. 


"Phone: 287 SLOUGH 
VANS Sand Mill 4’ diameter, 
reconditioned. Price, £26. 


4'0” 2’ 6” Geared Rumbler ; 

heavy pattern in good condition. 
Price, £28. 

Large Sandblast Barrel Plant; 

CHEAP 

5’ 0” Rotary Table Sandblast Plant. 

Price £150. 

Several nearly new jolt squeeze 

moulding machines with pattern 

draw. 

Large stock of good foundry ladles 

and shanks. 


PLEASE SEND FOR OUR LATES! CATALOGUE. 


Avex. HAMMOND, 


14, AUSTRALIA ROAD, SLOUGH 
BUY FROM ME AND SAVE MONEY! 
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